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APPROACHES TO DEALING WiTH MOTOR VEHICLE AIR POLLUTION:
Report of the Subpanel on Transportation System Requirements of
the Panel on Elect:ically Powered Vohicles

Edward H. Blum *
The RAND Corporation, Sante Monica, Californic

The report that follows was written as one of six subpane! reports com-
prising background and support for the report of the Pane! on Electrically
Powered Vehicles. ** It appeared originally as part of " The Automobile and
Air Pollution: A Program for Progress-=~Part 11," published in December 1967
by the U. S. Govarnment Printing Office.

*Any views expressed in this paper are those of the author. They should
not be interpreted as reflecting the views of The RAND Corporation or the
official opinion or policy of any of its governmental or private research sponsors.
Papers are reproduced by The RAND Corporation as a courtesy to members of
its staff. '

**The Panel on Electrically Powared Vehicles was appointed in January 1967
as a study group under the Commerce Technical Advisory Board by the Secretary
of Commerce, in a joint sponsorship agreement with the Departments of Defense;
Health, Education and Welfare; Housing and Urban Development; Interior; Post
Office; and Transportation; the Atomi Energy Commission and the Federal Power
Commission, Despite its name, the Panel was convened for the broad task of
finding and recommending suitable means of reducing motor vehicle air pollution.
Its charter included but was not restricted to electric vehicles. More specifically,
the Pane! was charged to survey, evaluate, and compare alternative means of
reducing vehicular air poliution, and to recommend appropriate roles for the
Federa! Government,

The report of the Panel, entitled "The Automobile and Air Pollution: A
Program for Progress-~Part 1," was published by the U. S, Government Printing
Office in October 1967. The subpanel reports were collectively published in
the volume from which this report was reprinted. The five other subpane! reports,
which complement this one, cover Air Pollution, Current Automotive Systems,
Energy Storage and Conversion Systems, The Automobile and the Economy, and
Automotive Energy Sources.
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The report is reprinted here directly from the original collective volume,
retaining that volume's pagination and including its entire bibliography. 1t has
bean reprinted for three main reasons,  First, it appears to be of interest to an
audience that may not be reached by the original volum). Second, although
not a formal product of RAND research, it represents RAND's growing concern
and involvement with domestic, social problems. Third, although definitely
not a systems anclysis, it appears to offer a useful example of how a systematic

approach may help structure -- and perhaps clarify =~ a complex public issve.

e e _

A ——— s - -~ . B R A . - . ) s . Tadie

i 8 Gt R s




COMNTEINTS

INTRODUCTION AND OVERVIEW + ¢ ¢ v v s e v v v v v oo o v 109

Purpase of Report + + v ¢+ v v v 00 v v v w e h e T [
oVQrV:ﬁW """""""" T R T T T T S S S T T llO
POL‘CY ONECT‘VES L I T T N L I T S L N T B R Y T N ) ]10

Differances between Private and Collective Views « « - « « « « 110

Objectives for Vehicular Pollution Control « « + « =« « « v v o 111

STRUCTURE AND CHARACTER OF ANALYSIS + + « « ¢ v v v v v 11
Features That Make Analysis Difficult - « + -« « « + o 0 v o s 1
Nature of the Problem » ¢+ « = + v v v v v v o v 0 v v o0 112

Social~Technical Interactions « « + + + » v e v e v 00 v 113
Individual Effects and Costs « « « + « e e e e e e 114
Technological Uncertainties « « « « « « v o 0 v o s s 115
implications for the Future « - + « + I R A R I

Pmblﬂmsund”ffq“s-'--'-"-'-b'--"-'-"°”6
Sy'"mticAna'y'i’ .-n-ooonnan.-.-a-n.oouo1‘6

CRITERIA  * ¢ v vt s n st et e usaosnsnaneaseos 119
Role of Public Values =+ + o« « ¢ v o s o« R O 1
Constralnts « * ¢ » ¢ s ¢ s s s o s 6o s e 0 s s s a0 e oo 120
Criteria for Pollution Reduction and Costs + « ¢ « « « + o+ v o« 124

Criteria for Pollution Reduction + + + « ¢ ¢« « v o v 0 o v 0 v 124

CriterigforCosts =« ¢ = « v ¢ v o e v s v o s v o u s oo 126
interest Rates for Comparing Alternatives « - ¢« + « « ¢ .« 128
Criteria for Effects on the Motor Vehicle System « + ¢ « ¢ <+ » + 128
Administrative and Economic Criteria« + « « « + v ¢ v v 0 0 0 s 129
Criteria for Federal Role -+ + « + « - ¢ cev e v e 3
Incentives + » + ¢+ v v v e N RN « 132

S v NN 0 i G RIS 4, fhop sl ‘_”

et m e 4 aem ox e

——— a——




R o

T TR S e B

R Ul bt AT

nparr R e

Ve TETI

ALTRET REY

ST TR TR TR e R TS TR L IR A TR e

|
i

ALTERNATIVES  + « « « v v v s e Cee 132
Alternatives to Reduce the Level of Polluting Activity - . -+ . 133
Raducing the Total Amount of Urban Transportation - - . . . 133
Reducing the Amount of Metropolitan Motor Vahicle Travel . 134
Shifting Damand to Lees-Polluting Medes of Transportation. 135
Electric Vehicles -« « . o . .. I T 135

Mass Transportation  « « « « v o v 0 v v u o e 135
Reducing Motor Vehicle Travel in Affected Areas - + » « « . 136
Reducing tha Extent of Driving in Inefficlent Modes . + . . . 137
Reducing Trave! by More Highly Poliuting Vehicles . . . . . 137
Alternctives to Reduce Emissions « « + . . . v L L. oo 138
Alternatives to Reduce the Impact of Emitted Pollutants .« . . . . 139
Impacts of Poliution Control Policles. « . ... .. ... ... 140

Impacts on the Disadvantaged and Poor  + « + « . . 4 .14
impact on the National Economy « + « - . . . v v v v 0 . 142
UNCERTAINTIES « + « . . o o v v v v v e e e 142 :
Major Uncertainties and Their Implications - + « » « « . . .. . 143

Additional Problems for Research « « . . . . . . .. ... ... 145
System Experimentation *+ =+ ¢ » v ¢ v o000 coee e v e v 145

APPENDIX | - Model |: Relgting the Total Rate of Vehicular
Emissions to Driving Activity and Vehicle Characteristics * * « + 146

APPENDIX 2 - Model 11: Relating Atmospheric Pollutant Concen-
trations to Emission Rates, Urban Spraw!, and Atmospheric

Pfomrﬂﬂs. """" L T T ]47

APPENDIX 3 - Shifting Demand to Mass Transportation * + + + + + = 149

BIBLIOGRAPHY * * « * * = v v v v o v a vt v e 18




109

TRANSPORTATION SYSTEM REQUIREMENTS

SUBPANEL ON TRANSPORTATION SYSTEM REQUIREMENTS

Edward H. Blum.* Chairman
Princeton University
{Now with The RAND Corporation)

Siegfried M. Breuning
Preparunent of Civil Frgincering
Massachusctts Institute of Technology

Ralph A. Gakenheimer

Department of City and Regional
Planning

University of North Carolina

Willinm L. Garrison, Director

Transportation Center

Northwestern University

(Now with University of Hlinois,
Chicago Circle)

Peter Kyropoulos,*Technical
Director

Styling Staff

General Motors Technical Center

SAlso Pancl member.

INTRODUCTION AND OVERVIEW

“When the time is run, and the future become
history, it will he clear how littie of it we lday fore-
saw or could foresee, How then can we preserve
hope and sensitiveness which could enable us (o take
advamtage of all that it has in store? Our problem is
not only (o face the somber and the grim elements
of the future, but to keep them from obscuring
it. ..,
“[The means} of doing justice 1o the implicit, the
impondcrable, and the unknown, . . . is sometinnes
called stvle, 1 is sivle which makes it posible 1o aet
cffectively, but not absohaely; it iv stvle which . .
enables ity 1o find a harmaony between the pursuir of
ends essential to wus and the regard for the views, the
sensibilities, the aspirations of thove to whom the

Robert A, Wolf, Head
Fransportation Rescarch Department
Cornell Acronautical Labotatory, Inc.

James L. Hill, Stafl

Woadraw Wilson Schoo! of Public
and International Affairs

Princeton University

Robert C. Wilburn, Sraff
Woodrow Wilson School of Public

and International Affairs
Princeton University

Thomas H, Floyd, Jr.,

Exccutive Secreiary

Acting Dircctor, Division of
Demonstration Programs and Studics

Urban Transportation Administration

Department of Hausing and Urban
Development

problem may appear in anather light; it iv sivle which
is the deference that aetion payy 1o uncertuainiy, it
is, above all, stxle through which poweer defery 1o
reason,”

—-/. R. Oppenheimer

Purpose of the Report

The purpose of this Subpancl report is to develop
—in the sense of the above quotation—-a style: for
sehicular pollution poticy, The Subpanet has chosen
as its task caplepienting the other subpanels— ic.,
tredting aspects of vehicular pollution not directly
concerned with specitic weehnology  and constructiag
aosystematic framewaork within which the vehicular
pollution problem can be seen and analysed us a
whole.
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i parts of the report seem abstract, they are de-
fihcratety s We have sought to free many ideas
from the unchurs of current information. We have
aticmpted to generalize where possible in the hope
of discovering or iltuminating principles that -+ ill out-
last the vontext from which they were derived. Much
of the rest of this Pancl teport will be obsolete in a
decade, the natuie of techinkal information makes
that inevitable. We Rope thet this Subpanc! report
will. perhaps, contain ideas and informition with
tonger hatl-lhves.

in onc sense, this report is desipned to seeve as
first step i a thorough systematic analysis. It is
wined o bring the implicit and unknown out into
the glare of scruting. Within its limited scope, of
course, a detailed comparison of alternative policics
cannot cven be begun. Such comparison must await
{uture ciforts based on more extensive and more
complete information. Rather, here we attemipt to
form a basis for action and sound progress—to de-
selop a way of looking at vehicular potlution that
may help shape attitudes, increase sensitivities, and
guide policics now, and serve as a basis for detailed
investigation in the future. We hope also to stimulate
thinking and rescarch on the many guestions raised
here that cannut now he answered.

Overview

The Suhpancl report contains five scctions (in
addition o this onc) and a three-part appendix, The
first scction discusses briefly the nature of pollution
control  objectives. The next section, sumewhat
longer, discusses the structure and character of pollu-
tion control analysis. It reviews some of the probleims
encountered in policy analysis and describes the
structure of systematic analysis that is followed in
the remaining scctions.

The third section then develops evaluation cri-
teria, It examines policy constraints, criteria for
pollution control und costs. and criteria imposed by
sdministrative and economic consideratiors. Two
yuantitative n,odels (developed in a; pendices 1 and

J are presented to tic together aspects of pollution
control,

The fourth wction presents o broad spectrum of
alternatives, and draws upoa the criteria for evalua-
tion, It also examines possible impacts of pollution
contral paticies on the natonal economy and on the
disadvantaged and poor.

The fifth section discusses uncertaintivs. It ex-
amines their policy implications, outlines some arcas
for rescarch, and suggests approaches to system ex-
perimentation,

POLICY OBIECTIVES

This section examines the bases and ohjectives
for vehicular potlution control. Its purpose is to ex-
plicate the nature of the policy prohlem and to set
the stage for the more detaited chapters that folww,
The section is divided into two parts, which cover
(1) differences between private and collective views
and (2) objectives for vehicular poliution control.
Dificrences Between Private and Collective Views

1t might be said. with regard to policy, that vehic-
ular air pollution arises malnly becuuse of discre-
pancivs between private and collective points of view,
s well hnown that unwanted effects * such as air
pollution may arise whenever arsket forces alone
are insufticient to make individuals bear all the costs
resulting from their actions, Without control policies,
the alr is used as if there were no costs from pollu-
tion, and air pollution tends to rise to fevels consid-
ered soctally undesirable.

What has not been made clear in the literature
is that the problem is reully even worse, There is
not only no incentive for individuals not to pollute,
but there are actually lurces discouraging the adop-
tion of controls, This situation arises beca

(@) At low levels of control, cach individual sees
the cost of control, but sces no benefits. Each one
sayy to himself, “This action costs me money, but
what do | gain unless everyone clse does it too?”
Unless some mechanism for encouraging or forcing
cooperation is set up, individuals tend to view moncey
spent on pollution control strictly as cost. i an in-
dividual does not spend the moncy. then insofar as
he can determine, pollution docs nat get worse. If
he does, then also insofar as he can determine. it
gets no better. Thus, he has little veason w0 adopt
pollution controls. In this sense, the vehicular pollu-
tion problem has clements in common with the prob-
lems of traftic congestion and farm surplus (where
there are similar discrepancics between individual
and collective viewpoints), and is one of a class of
prablems hnown in philosophy and mathematics as
the “prisoners’ dilemma.”

(b) At high levels of control, cach individual sces
little gain from continuing his pollution control, and
little loas from stopping it. Air is an indivisible re-
source, a quantity like defense and law and order
that cannot be deniced to those who do not pay for it.
Thus each person shares in the benefits of pollution
control whether he contributes to it or not. Those
who do not wish to contribute have the chance, then,

*in cconomics these effects are termed “exiernal dis.
cconvilies,”
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to pet a “free rhfe™ by halting their spending on
control. As long as cveryone clse does not do the
same, they get the benctits of cleaner air without
direct cost. Policy then has the job of ensuring that
there are ot many free rides, {or il there are oo
many, the system will break down, and pollntion
contrel will be Jost

Pollution controb palicy thuy must counterbalance
& basicaily unstahle sitwation. No matter which diree-
tion poltution contral praves from a piven levell the
discrepancies between private and collective views
iy fead o slackening or dropping of individual
coitrol ¢efforts, 1T general control improses, some
people may  seeh free rides. 1 general control
worsens. some inay decide not to bother.

The solution to this dilemma is to ensure that the
collective view predominates. For vehicular pollution
this solution i+ somewhat easier to achicve--in one
respeet—than it is for industrisl pollution. because
t~ a substantial degree polluters are imposing costs
(or “externalities™) reciprocally on each other. 1t
5 thy wr to mahke clear o cach vehicle driver
viat he may gain if he stops polluting, whereas in
industrial padution it is not always clear what any
one company can gain from reducing its ctiluent.
The solution is, on the other hand, also harder to
achieve than that for industrial pullution because the
number of vehicular polluters that must be brought
into the collective view is extremely large,

Objectives For Vehicular Pollution Control

Vehicular air pollution is anc of the undesirable
hy-products of operating the transportadon systen.
1t is produced concomitantly with the desirable sery -
ices that the system performs. A consideration in
vehicular pollution control policy. therefore. is main-
taining, improving, or at least not seriously degrading
the desirable features of the transportation system
while minimizing pollution. More formally. one might
say that reducing desirable attributes of the trans-
portation system would result in social costs which
would have to be weighed against the benefits of
reducing air pollution,

Pollution control policy, thus. must not be guided
solely by the objective of climinating pollution. 1f
that objective were 1o he interpreted Jiterally. 1t
would imply that the best policy would be to forbid
use of the internal combustion engine or of any other
engine that produced emissions. Pollution control
policy has multiple objectives which it must attempt
to satisfy as best it can.

If costs of pollution and the benefits to be gained

by ity reduction could all be reduced ta simple
monetary tepius, then one might hope to formutate
as a policy abjectise: maximize the net of benetits
minus costs, subjeet o the constraints. Many of the
so-called costs of pollution, however, are “humanc”
costs that Jo not cinily lend themsehves to monetary
vittuation.” The esthetie diseomtorts caused by poliu-
tioi, the comtinual irritation, the loss of work cifi-
cieney anty be reflected in expenditures Tor comfort,
pleasure, and freedam from discomfort, but are not
totally moasured by them. Some of the “humune™
costs are detractions front what “makes life worth
fiving.” the cost are subtle, subjective. and not al-
ways even well articulated. They reflect basic values,
and not every value has a price.

Thus, s the sections on Structure and Character
of Analysis and Criteria show in much more detail,
there is no one simple stitement of - objectives
for pollution control that satisfies the diverse ends
any control policy must meet. Fhere is no one simple
index that can be optimized. Policy must take into
account a very lurge and complex set of considera-
tions. It is hounded by many constraints nd gov-
erned by dozens of criteria. Only one simple state-
ment of objectives is likely to gain wide ngreement.
That is, simply. “Do better.”

STRUCTURE AND CHARACTER OF
ANALYSIS

The purpose of this scetion is two-fold: to develop
the character and structure underlying the more
specific analysis in later sections of this report and
to establish a busic framework und per.pective that
might be useful in future analyses of the vehicular
pollution problem,

In this section we (1) examine features of the
problem that make analysis difficalt; (2) point out
some of the pitfalls these features can lead to in anal-
yais; and (3) describe a method of systematic anal-
ysis that may take these dificultics into account, The
systematic structure and approach developed in this
section is then used in the remainder of the report
1o guide the analysis and to indicate areas where
synthesis (ie., new ideas for solution) might be
especially fruitful.

Features That Make Analysis Difficult

T'.c problem or problems resulting from motor
vehicle air pollution can be viewed in @ number of
*The judgement that all things can be reduced o econo-

atie terms represents g definite (and nat widely shared) set
o] valuvs.
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ways. A popular view, for caample. is that the prab-
fem is basically too many cars, trucks, and buses
emitting too mech exhaust in o smal} an area, and
that rthe solution. therefore. must be either (a) fewer
pollutirg vehicles {(e.g., substituted niass transporta-
tion or clcctric vebicles), (b) lewy exbaust per vehicle
(c.g.. emission controls on the internal combustion
cngine), (o) fower vehicles i the same area at the
same time (e.g., traflic restrictions), or () some
combination of these. ‘There is much to comriiend in
this characterization--cspecially its brevity—but, s
the preceding subpanet reports have shown. the
problem has mony more dimensions and is o good
deal more complicated.

Unfortunately for the analyst and the formulator
of policy, acknowledging this complexity and at-
tempting to deal witk it open a Pandora's box of
antalytical problems. 1t would be casiest to adopt the
stmplest view, assume that the current line of action
—pursued to the point where it exhausts its poditical
credit—is the best course, and focus full attention on
the means of completing that course most quickly.
Yet, because vehicular air pollution is a scrious
problem, and it is not clear that the current program
of uction will be able to solve it. on a problem this
important the public deserves a more searching and
extensive view,

Analysis is more difficult than the above descrip-
tion suggests essentially because motor vehicle air
pollution and its proposed remedies:

(2) involve botk people and technology, and the
complex interactions between them

(by affcet large numbers of peopte directly, in
multiple (and often unknown) ways

(c) entail costs to consumers thei, in aggregate.,
may be guite large

{d) involve technology for which performance
and economics are still guite uncertain

(e) have important implications for the future as
well as for the present,

To see how these characterisues are important, it is
uscful first to bring into perspective the nature of
the motor vehicle air pollution problemy,

Nature of tbe Problem

Vehicular air pollution is only one ¢lement of the
total complex of urban problems. To place it in con-
teat, therefore, and to see reliations DBetacen various
contributing factors, it may be useful o examine the
following simplificd chain of events:

{a) Metropolitan form (e.g., the spatial relation-
~hip of homes to jobs, and to shopping, recreational

and cultural facilities), income levels, and the chai-
acteristics Of the transportation system strongly in-
luchee the over-all

(1) Demand for transportation. of which part is

{¢) Demand for motor vehicle transportation
{autuiniobiles, trucks, buses). This demuand can be
divided inte commercial and individual conponents
which have different determinants, The detailed de-
mand results in g flow which is manifestad as a

(d) Distribution of vehicie-miles und  speeds
driven in particular areas. The distribution of speeds
and Jdistances driven deteriines, to a farge extent.
the motor vehicle power that must be praduced.

(¢) To supply power, fucl is supplicd to vehicles,
Part of the fucl evaporates (mainly from the car-
burctor and the gas-tank) without being burned.
and gocs directly into the atmosphere. The rest goes
into the ¢ngine where the

() Over-all performance of the engine-fuel system
determines the amounts emitted as carbon dioxide.
water, catbon monoxide, nitrogen oxides, lead com-
pounds, unburncd hydrocarbons, reacted hydrocar-
bons, sulfur oxides. and miscelluneous other sub-
stances. These emissions go into

(g) The atmosphere immediately survounding the
vehicle, where very local atmospheric conditions
determine the immediate disposition of the pollu-
tants, Local convection and diffusion merge the en.is-
sions into

(h) The 1ocal atmosphere. where micro-meteo-
rological conditions (what might be termed small-
scale weather) determine the local pollutant con-
centrations. At this point drivers and people living or
working vory near the street or highway may be
exposcd to pollutants in high concentrations. From
the local atmosphere, larger scale convection (and
some diffusion) carries the pollutants into the

(i) Regional atmosphere, where ihe pollutants
may coniribute to arca-wide haze. or on cxposure to
intense sunlight (often aided by atmospheric inver-
sions) form photochemical smog. If the region in-
cludes o city, convediion cells around the city
(arising from the temperature differences between
the city and surrounding countryside) may give rise
to “dust domes™ that contain pollutants and alter
the local climate.’™ Beyond the region. larger-scale
atmospheric motions carry pollutants into the

{(j) General atmosphere. where they may influence
farge-scale weather palterns od be dispersed around
the country and around the voorld.

The steps in this chain of ¢ vents thus can Le sum-
marized »s: Social and Economic—-Technological -
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Muteorological. Al steps in the chain from (a)
through (h) are important in cicating the vehicular
poilution problein.

Once created, vehicular air pollution has the fol-
lowing characteristics:

¢ It contaminates a precious, stowly regenerated
resource with substances that are offensive and harm-
ful to human beings and harmful to some of their
agriculture and property.

e [t affects individual members of the public
dircctly. by hindering their vision, assaulting their
sensitive tissues and sense of smell. and by affecting
(oftcn implicitly) propenty values in arcas where
polutior: is scvere,

® The contaminated fluid is highly mobile and
thus can, often unpredictably, affeet arcas remote
from the original sources.

® The degree of cortamination and the scverity
of its effects varv considerably with meteorological
conditions, both spatially and from hour to hour.
Because air is mobile and pollution effects depend on
immediate local weather, even areas that have no
noticeable problems may have serious latent prob-
fems if sufficicnt sources cxist.

® The continuing sources of contaminatior are
widely distributed, mobile, and (for the most part)
owncd and operated by individuals. Individual ac-
tions and choices contribute directly to the problem
and are affected directly by attempts to solve it

Sucial-Technical Interactions

Motor vehicle air pollution thus results, g o seri-
ous problem, not from tcchnology alone but from
an intimate interaction between social and cconumic
fuctors, technology, and meteorology. Its solution is
at least as complex. It may appear casiest (and pos-
sibly most fruitful) to concentrate on purely techno-
logical solutions— what Alvin Weinberg ' has called
the “technological iix"—because technology is more
susceptible to quick and controilable change than
social and economic factors or meteorology. But,
because of the nature of the problem, the amenabil-
ity of technology is Jargely relative; technological
changes must interact closely with social and eco-
nomie considerations,

New transportation technology (ie.. mass trans-
portation, clectric or stcam vehicles, or pollution-
contrel applicd to the internal combustiun engine)
affects directly individual members of the public, who
must as individuals pay for it, use und live with it
maintain it (in the case of individual vehicles), suffer
from its defeets, and only indirectly share in its pol-

13

lution-control benefits. Furthermore, these individ-
uils must continue te support application of the tech-
nology through their legislutive representatives, who
must approve its requirement and appropriate moncey
for pollution-control administration,

Poilution-contro! technology is thus subject to
cvaluation by social and ¢conomic criteria, and sub-
jeet to limitation by complex social and institutional
constraints. Morcover, where technological possi-
bilities, performance, costs or development time ure
uncertain, the uncertaintics must be interpreted in
light of their possible social and economic implica-
tions. Yot these socinl criteria, constrnints, and im-
plications that influence technological development
are themselves influenced by the characteristics of
the technological alternatives that the public and
governmental decision-makers perceive to be avail-
able.

Between technological and social considerations
there thus is a closed loop. wherein cach feeds back
to influence the other. In analyzing possible solutions
to the motor vehicle pollution problem. technical and
social considerations cannot be divorced. Conclu-
sions derived from considering only one or the other,
or both scparatcly. are likely to be misleading, if not
erroncous, First, the assumptions and vatues inherent
in purcly technical and social analyses are quite dif-
ferent, indeed often conflicting, and rarely explicitly
stated. Thus, meshing the results of separate tech-
nical and social considerations without dealing with
the interactions is likely to lcad to plans and policies
bese: by internal contradictions and inconsistencies.

o o geal pachaye consisting of muny compoucenis
may be (- d often is) assembled and “optimized” according
o criteria quite iconipatible with those desired socially or
politically-—c.g., minimum short-teom direct cost (ignoring
benefits, long-term costs, und indirect social” coss), technical
efhcicney (related usually 10 one scarce input, ivnaring afl
ather scarce inputs and the costs and henefus of autputs),
maxonum production, cle. Even if the critevia are eaplicitly
stated, which they often are not, they are so different from
the criteiia wsed ordinaily [for social judement} (eqnitu-
hility, benefus 1o special groups, scope for individual initia-
tive, cte.) and use such differemt scales that reconciling
diverepancies is extremely difheulr,

First, it s often hard to recopnize where conflicts cxist,
becaine the criteria are eapressed in different terms w hich
refer o diflerent value systems, Second, sinee the reehnical
wed socigl alteinurives w e wsiadly offered as complete
puckages, within which compreamises and vade-offs have
becn made according 1o the respective (different) eriteria, it
is ditficult 10 extract from the total packages parts compatis
ble with ovor-all criteria. Even if one can disseet the dif-
ferent packages 1o obtain compuatible pariv, one has no
assirance thar the parts will function well sopetier as u
syatem” (Onoted from Ref. 25).
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Such products may satisly ncither the technieal nor
the social objectives, and may be quite undesirable.

Second, and perhaps even more basic, considering
technical and social aspects separately is likely to
prevent proper definition of the real problem to be
solved. Those who cvaluate non-technological as-
pects of the problem often are inclined o accepi the
statement of the technical problem, and the “feusi-
ble" solutions, as given. Similarly, engincers are in-
clined to regard the statemient of the non-technical
part of the problem also as given, and hence exempt
from questioning or reformulation. Thus, the most
important pans of the problem statement may fcli
between them, accepted by both without gucstioning
as the other’s concern.*

Individual Effects and Costs

The main effects of vehicular air pollution on indi-
viduals can be categorized as discomfort (c.g., physi-
cal discomfort, depression, dissatisfaction with un-
pleasant aesthetic and biological cffects), medical
(e.g., possible eflects of carbon monoxide, oxidants,
hydrocarbons, lead, etc.), and economic (c.g.. dam-
age to property and crops, work lost and or costs
incurred through itlness or condition aggravited by
pollution, deereased work cfficiency due to discom-
fort).

The discomfort effects of vehicular pollution are
difficult to evaluate mainly because they are strongly
associated with those resulting from other aspects
of urhan living—especially, one might surmisc, with
those resulting from other forms of air pollution.
Not only is it hard for most pcople {except, perhaps,
in Los Angeles) to isolate the features of their dis-
comfort and dissatisfaction that might be attributable
to vehicular pollution, but given our present state of
knowledge, it is also extremely difficult for doctors
and scientists to single out what vehicular pollution
contributes to the general causes of distress. Discom-
fort effects, in gencral, arc very probably com-
pounded and non-additive.

Even it it were possible to single out the discom-
fort cfiects of vehicular pollution, it would still be
difficult to assign values to them. The discomfort
sffects arc clearly sigaificant, people attach consid-
erable importance to comfort and satisfaction (as
almost any coliection of curreat advertisements will
attest). The problem is determining how important
they are, and how much they may change as vehic-
ular pollution tevels are reduced. In theory, at least.
such mcasurable indices as residential property
vaiaes, frequencies of pollution-gscaping weckend

trips, and sales of “comfort” medicine might serve as
proxies, but these are so strongly associated with
many other factors that cven rcliable correlations
with vehicular pollution may be difticult to obtain.

Chronic medical eflects also puse some difficult
measurement problems. For some pollutants—e.g.,
kead--baseline data from the years before the pol-
lutant was introduced in significant amounts arc in-
sufficient 1o permit the analysis of long-term trends.
For others, not enough data for sclected populations
over a long period of time have yet been collected.
For siill others, it has not becn established just what
chronic effects should be measured, or how much of
the effects that have been measured can be attributed
to vehicular pollution. As the report of the Subpanel
on Air Pollution shows. knowledge of acute effects
is more complete, but interpretations are not yet well
agreed upon,

Careful evaluation of economic effects has just
begun, and many scrious methodological problems
remain.*

For pollution control, some of the individual ef-
fects and costs of pollution control modifications and
fuel changes for the internal combustion cngine
should be clear, as should (at least statistically) the
costs of maintaining the pollution-control changes,
and the benefits from reduccd fuel consumption. The
effects of changed motor vehicle performance char-
acteristics—or of the different characteristics of clec-
tric or stcam vehicles, should they be introduced in
significant numbers—will be lcss simple to determine.
Even more difficult may be determining the effects
and costs of the re-allocation and redistribution of
resources cnsuing from pollution-control regulation.
Therc may be noticeable effects on the economy and.
perhaps, on certain groups such as the poor.

Since more than 80 million vehicles ultimately will
be affected by pollution control measures, the aggre-
gate amount of resources involved in pollution con-
trol will be large. If the costs were to be $15 per

*Sce, for example, R. G. Ridker, Economic Costs of Air
Pollution: Studies in Measureniemt, Frederick A. Pracger,
New York, 1967,

R. G, Ridker and 3. A. Henning, "The Determinants of
Residdential Property Vdlues . ith Special Reference o Air
Pollution,” Review of sconomics and Statistics, 4 . 246-
257 (1967).

H. Wolozin (Fd.), The Economics of Air Pollution, W.
W. Norton, New York, 1966.

The Ridker book and paper do not deal with vehicular
polluiion. but the annlyticat methods and problems are not
pollutist-specific. The papers in the Wolozin collection are
more general, but illustrative.

]
I~
:
-2




T T

vehicle in present value, for example, the aggregate
amount involved would exceed $1 billion. And, as
the Subpanel on the Automobile and the Economy
has shown, the total output affccicd by the changes
(though in some cases perhaps only slizhtly) repre-
sents a sizeable share of the Gross National Product.
Thus, the economic implications of alternative ap-
prouches deserve close scrutiny. Yet rather than good
mformation on the costs involved. we now have but
broad indications.

Technuological Uncertaintics

The ultimate limits of internal combustion pollu-
tion control are not now known; nor arc the cost and
time required to achicve them, And it is not known
whether these ultimate limits, il achieved, would be
truly satisfactory. Although internal combustion pol.
lution control is likely to prove the best short-term
d.e., 1-15 years) technological approach, it may not
be good enough for the long term. As the report of
the Subpanel on Current Automotive Systems shows,
there is still considerable uncertainty about the de-
gree to which specific pollutants can be controlled,
and about the tradeoffs thut may have to be made—
e.g.. between lead and catalysts, between fuels and
engine design, between hydrocarbons and oxides of
nitrogen. It is not known with certainty what tech-
nology will be nceded to achicve emission levels
below those currently envisioned, nor is it known what
the cost-time relations for rescarch and development
might be. It is & o uncertain how various pollution-
controi modifications might affcct motor vehicle
opcrating cconomy and performance.

With reg. rd to new kinds of vehicles (e.g.. steam
or clectric) muny basic technical problems remain
to be solved. and therc remain many serious gues-
tions about performance and costs—as the report of
the Subpanei on Energy Storage and Conversion Sys-
tems shows, In somg¢ arcas, cven zelatively basic
scientific rescarch may need to be done, so that it will
be ditticult to make ceven cnlightened conjectures
about possible technological characteristics.

Morcover, there 2:¢ uncertainties about the im-
plications of some possible changes for other aspects
of the general pollution problem: Air pollution is, of
course, only onc of the undesirable products of the
transportation system, Changes directed ut reducing
air pollution can also affect the system’s other prod-
ucts. If vehicle bodics were to be made of plastic to
reduce weight and improve performance, for exam-
pic, they might cventually be cheaper and easier 1o
produce than metal bodics, but harder to dispose of
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when the vehicle had outlived its usefulness, unless
scrap plastic could be found to have some value or
be casily disposable,

Implications for the Fyture

Resolving major uncertainties—such as those con-
cerning chronic medical effects, feusibilities of ad-
vanced technology, public acceptability of changes
in transporfalion {v.g. engines to use lower-octane
unleaded gasoline, clectric vehicles, dual-mode sys-
tems). and economic redistribution effects—may take
4 tong time. Until these uncertaintios are satisfactorily
resolved, or rendered irrclevant by advances now
unforescen, there is always a possibility of signifi-
cant “hidden cficets™ that may be discovered and
understood only after they have resulted in significant
harm. Thus, analysis (and subsequent policy) must
atlempt to take into account possible risks.

Morcover, sume of the changes introduced for pol-
lution control may have long-lived cffects, not all of
which may be beneficial. We must try to be  :rtain
we do not replace one scrious problem with another.

There is also a problem of designing vvolutionary
strategies to tuke account of increasing knowledge.
Permissible radiation-exposure levels, for example.
have decreased steadily since 1945 as more knowl-
cdge of radiation effects hus accumulated. If permis-
sible pollutuant levels were similarly to decrease over
twenty years, long-term developmen”  now being
planned might yicld products that become obsolete
just as they become “successful.™* Analysis cannot
assum, therefore, a fixed level of permissible pollu-
tion or even a fixed program ef rceduction. L carning
must be accounted for—in objectives, in analysis, and
in policies.

Further, it is apparent that decisions made now
may both restrict and expand opportunitics svaiiable
in the future, Present commitments may limit future
options; thus, “preservation of future freedom of
choice™ may need to be an important criterion for
evaluating major commitments. Similarly, current
programs may need to be laying better foundations
for the future by ucquiring information, monitoring
projections, and conducting important experiments,
Analysis cannot afford to focus cntircly on the
present.

Such unplanned obsalescence, though often met in the
space and defense indinstiies, appears 1o huve becn rare in
the ground transportation industries, New managemont ap-
proaclies and perspectives may be needed 1o handle such

problems in cflorts not heavily underwritten by the Federal
government,

.
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Problems and Pitlails

In theory. "it is casy to state the principle by
which the socially desirable amount of pollution
abatement should be determined: Any given pollu.
tion level should be reached by the tessi costly coms
bination of means available; the level of pollution
skould be achieved at which {he cost of a furtber re-
duction would exceed the benefits.*™ In practice.
such a principk is exceedingly difficult to implement.
Given the current state of understanding, it would
be difficult to ascertain or measure all bencfits and
costs—or cven all major ones- and more difficult
to assign a common (dollar) denominator to many
of them. Many of the bencfits and costs are not
only intangible but (such as air pollution’s aesthet-
ic offensc) highly subjective and weighted by different
pecople in different ways. And many sub-objectives
and criteria now espoused arc conflicting and incom-
patible, no doubt to some degree because interactions
between transportation technology and social en-
vironment are now dimly understood.

Furthermore, even if these formal difficultics could
be overcome, it would be--as in most social problems
~not profituble to scarch for an oplimal sclution,
First, an optimum is ill-defined when there is more
than onc criterion. Sccond, a formally optimal set
of conditions (if such existed or could be determined)
would very likely differ significantly from current
conditions, and reaching the optimum might well
entail significant, albeit temporary, social dislocation.
Such a wrenching move, which would affect at least
somc individuals dircctly, might well cause muny
who now deplore cursent conditions to value the
status quo simply because it is the status quo and
hence at least tolerable and familiar.**

Faced with such problems, anulysts exumining
possible changes in transportation technologics fre-
quently are inclined to***

(a) Concentrate heavily on the vehicle rather than
upon the organic functions of the system.,

(b) Negleet, and sometimes disregard, the social

*Refercned 123, p, 42,

e dmericans have diown grear willieness 1o forbear and
sacrifice in face of great necd ar danger, But motor velicle
wir pollution. thongh acknowledeed as a vital problem re-
quiring prompt atlention, has net heen acknowledped as the
kind of crisis whose solution would be worth cuaduring evea
temipordry signipcant discomfort without vivible concomitant
benefits. (Sve, Jor example, the resudiy of the Lonis Harris
survey seported July 24, 1967, in the New York Pou—and
hriefly mentioned July 26, 1967, in the New Yark Tines.)

seopl Hesmann, Ir., Transporwition Technoloey and the
Real Waorld, "The RAND Corposwrion, P22785 (June 1983,

and human consequences of medifications or new
creations,

(c} Favor “interesting”  transport  technologies
whose social significance may be (or probably is)
inversely proportional to their cost.

(d) Disregard the cost implications of an innova-
tion and of the cconomic ciavironment in which it
will have to operate. What will be the development
cost of the vehicle and, more important, of the sys-
tem thut must be built arcund it? What price will
people be willing to pay for the service it provides?
With what improved present forms of transport will
the new systemt have to compete by the time it goes
into operation?

(e) Ignore the extraordinarily long gestation period
often required for carrying development programs to
completion.

(f) Accept people's cutrent objectives and values
as given and try to build a transportation system to
match them. Almost certainly the goals will be
changed by the process of growth and by the very
transportation path that will be followed.

In addition, anulysts are often tempted to:

(g) Ovcerspecify the requirements for new tech-
nologies, without knowing well cither the time or
expense that will be needed to micet the requirements
or the real need ior the requirements in the future
context,

(h) Ignore the implications of troublesome un-
certainties, and advocate only the one system that
promiscs to be best under some set of expected con-
ditions, or

(i) Assume that the worst will happen, and ad-
vocate the technology or system that promises to be
best under the worst possible conditions, ignoring the
likelihood that this worst possible contingency will
¢ver arise,

Systematic Analysis

To overcome these inclinations and temptations,
it is uscful to follow a systematic analytical outline
or framework. Such a framework offers a logical
structure or a “guiding hand™ for the solution of
complex social-technical problems, much as the sci-
entitic method does for scientific problems. There
are obviously many vuriations on the basic theme of
systematic analysis, just as there are for the scicntitic
methoad: we have found the following structure use-
ful:

(2) Define and resolve problems according to the
virious levels of importance, focussing primary at-
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tention on the most important levels, and using con-
sistent inter-level objectives and criteria,

(b) Explicitly identify objectives, criteria, assump-
tions, uncertaintics. Consider the policy implications
of criteria and possible impacts of uncertaintics.
fteratively formulate and reformulate objectives and
criteria as analysis proceeds,

{¢) Explicitly account for interactions and “spill-
over” between subsystems, Explicitly account for the
inteructions between technical (i.e., engincering) and
social considerations.

(d) Consciously seek alternatives, Devise new
alternatives when necessary or desirable. Compare a
graded spectrum of alternatives rather than just
analyze one,

(e) Explicitly and systematically compare alterna-
tives for consequences and, where possible, costs and
benefits. Explicitly identify critical or sensitive points
that demand special policy attention.

Using this framework and drawing on the relevant
literature of systems analysis* are useful in detail as
well a5 in gencral. The literature, for example, calls

*No comprehensive, readily accessible reference on non-
wilitary sysiems analysis seems yet availuble. Two books on
military systems analysis that contain informative and rele-
vant chapters are

E. S Quade (Ed.), Aunalysis for Military Decisions, Ranid
MoNally & Cu., Chicago. 1964,

E. S. Quade and W, 1, Boucher (Eds.), Sysiems Analysis
and Policy Planning: Applications in Defense, Elsevier (to
be published).
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attention to the fallacy of setting the oft—cited goal
of maximum benefits at minimum cost. Given meas-
ures of benefit and cost, which must include both
technological measures and indicetors of indirect and
social value,*® one can jook for e system that gives
(of the available alternatives) maximum benefit at «
given level of cost, or a given level of bencfit at a
minimum cost. But maximizing benefit while simul-
taneously minimizing cost is loglcally impossible
(as a general rule).

From the literature, it is apparent aiso that some
discounting factor must be applied when comparing
benefits (e.g., reduced fuel consumption, reduced
pollution) yielded at different times. Just as a dollar
carned today is worth more than a dollar carned
some years hence, because of the interest that can be
gained in the intervening years, so reduced pollution
today is worth more than the same reduced pollution
some years hence, because of the benefits that can be
gained from the cleaner air in the intervening years.

Further, experience with military systems analysis
underlines the importance of accounting for both risk
and uncertainty in devising long-range policies.
Risks, as in the case of imdividual fortune, can
usually be met best by some form of insurance or
diversification. In risky or uncertain situations setting
a singie, fixed coursc and pursuing it intensively may
not be as fruitful as following a mor> flexible strategy
that permits learning from experience and takes posi-
tive steps to account for risks or uncertainty. It has
been found, for example, that in the face of un-
certainty some fruitful strategies often are

(a) To follow a course of action that will have
“acceptable” probabilities of success under wide
varictics of possible conditions; that is, to choose
“safe™ actions that are likely to have positive effects
“no matter what."

(b) Tu iuunch a muiti-pronged attack, with some
effort directed at solving current and short-range
problems, and other efforts directed toward learning
what may be needed for effective long-term solu-
tions, These efforts are usually carried out in parallel,
with the longer-term effort conducted so as to pre-
serve as much freedom as possible to choose and
change direction,

Within the framework of systematic analysis, the

**The measures of cosis must include indirect and soclal
casts as well as couspleuous out-of-pocket costs. Qtherwise
the "least cost” course is to do nothing ar all. Alr poliution
is a serious problem because it leuds 10 significant private
and soclul cosis,
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transportation system can be viewed as follows:

FIGURE 34

Policies and

| Management 2 -

1
Modifiable Factors Products
Technology Undesirable Products
—» { Use Pieferences Desirable Services and
System Management Characteristics
. |

Policies and management work on the modifiable
factors to change the transportation system's opera-
tions and propertics, and thercby to change the sys-
tem's products. Since the changes may only partially
reduce the undesirable products (c.g., pollutior) and
may affect desirable as well as undesirable features,
information on the new state of the products is fed
back to influence future policies and management.
Simitarly, those who use the transportation system
also observe the changed products and adjust their
use preferences accordingly.

Alternative policics can be generated in a number
of ways. One fruitful way is to consider the interac-
tion of the modifiablc factors with the air poliution
chain of events. (See page 330). The modifiable
factors are

Technology —¢.g., vehicle engine-fuel sys-
tems, roadway design,
means of cleansing the at-
mosphere.

Use Preferences —c¢.g.. relative locations of

homes and jobs, demand
for less polluting modes of
transport, driving and mairn-
tenance patlerns,

System Management—-c.g., traffic low and assign-
ment, pricing, parking avail-
ability, public regulation.

At cach of the key points in the air pollution chain,
modifying one or a combination of the factors pro-
vides leverage to deal with vechicular pollution,
Cross-classifying modifiable factors and the chain
of events thus would be one way of showing graph-
ically the approaches through which motor vehicle
air pollution may be attacked. Since only a few of
these polentially vulnerable points are now seriously
being attacked, such a cross-classification would also
serve to show where new work might be fruitful, By
laying bare the central structure of the motor vehicle
air pollution problem, it could suggest new activities
and new approaches. That is, it could serve as a
framework for synthesis and a focus for innovation.
Most public attention has been directed toward
technology, i.c., toward modifying or changing the
automobile engine, and some has been pre-occupied
with gadgetry. Engine change or modification is
likely to be one of the most effective approaches (at
a given level of cost). But it is not the only approach.
Despite the relative difficulty of carrying them out,
non-technological approaches (i.e., modifying use
preferences and system management) also may be
cffective.* If pursued in parallel with technological

* Technological approaches, heing easier, more siruight
forward, and less likely 10 produce major side-effects,
should be iried first. Non-rechnological approaches would be
unnecessary if technolugy alune would suffice.

l
l

:

L
]




v el 2 O W

r— v

approaches, they may help achieve pollution controf
while the technology is still being developed and
increase the effectiveness of the technical approaches
that arc adopted.

Indeed, a combination of approaches—of different
changes in technology and of changes in vse prefer-
ence and system management—is likely to prove
superior to any one approach alone, Several of the
approaches might well complement and reinfoice
each other, producing a syncrgistic effect exceeding
the effect any one alone could yicld. A combination
of approaches also appears necded to deal effectively
with technologleal uncertainly snd the vagaries of
resedreh and development. There is not fikely to be
one “solution” to motor vehicle air pollution,

The sections that follow begin to fill in details of
systematic analysis. The section labelled CRITERIA
explicitly identifies criteria and constraints, and con-
siders their implications, The section labelled
ALTERNATIVES develops a broad spectrum of
alternatives, considers interactions, and uses the cri-
teria to indicate very approximate evaluations or
rankings. The scction labelled UNCERTAINTIES
cxamines uncertainties, and explores their possible
impacts and their implications for policy.

CRITERIA

This section identifics criteria and constraints, and
considers their implications. Its purpose is to make
explicit the standards that should guide the design
of alternative approaches to vehicular pollution and
form the bases for their comparison,

The section has six parts, which cover (1) the
role of public values, (2) constraints, (3) criteria
for poilution reduction and costs, (4) criteria for
effects on the motor vehicle system, (5) administra-
tive and economic criteria, and (6) criteria for the
Federal role.

Role of Pubtic Values

By its very nature, vehicular air pollution is a
public problem whose proposed solutions must be
judged by more than the private standards of profit
and loss. The criteria for evaluating proposed solu-
tions transcend simply pollution reduction and net
cost. They also involve, for example, special impacts
on particular parts of the population, effects on the
motor vehicle (transportation) system, risks to public
welfare, and administrative complexity, Although
some of these criteria are amenable to quantification,
others are not. Thus, the scales for rating alternatives
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are in part numerical, in part preference rankings,
and in part simply checkiists of poasible ill-etfects.

Because of the probleni's complexity and ramifica-
tions, no simple ruie for choosing the “best” alterna-
tive from the set of possibilitica--such as “subject to
the constraints, maximize the net of benefits minus
costs"—appears to be meaningful, No one over-all
ides of measure satiefantorily represents the com-
bination of factors that must be taken into account,
Thus, one cannot usc a simple score or index to
select the “best™ alternative or combination of al-
ternatives from the set of pussibilitics, Instead, to
comparc alternatives, onc must fesorl to a2 more
complivated (and scomingly fess "scientific”) pro-
cedute: (a) rate cach alternative according to cach
criterion; (b) evaluate the ratings according to the
external {non-potlution) criteria that are considered
tmportant (e.g., ¢quitability, risk preferences, Federal,
stat¢ or corporate budget fimitations }; and (¢} com-
pare the sets of cvaluated ratings to identify the
alternative or alternatives that then appear dominant.
This procedure contains subjective clements and pos-
sible ambiguitics, as indecd it must, for public poli-
cies wre rarely clear-cut, Seemingly miore cxact
methods contain them as well; they may merely hide
them behind illusions of precision,

Evaluation is most legitimately carried out by the
public through its elected representatives or those to
whom they delegate the authority. The extemnal
criteria by which pollution-combating alternatives are
judged often reflect the highest values of socicty, de-
cided or reveated through the political process. More-
over, the tradeoffs between criteria—for example,
between poliution reduction and impacts on partic-
ular groups—are subtly complex and often politically
quite consequential, A bad rating on onc criterion—
for example, impact on the disadvantaged and poor
~might be suflicient reasor to rule out an otherwise
attractive  alternative, Such evaluation, however,
should be made by the public explicitly and know-
ingly. An index that included all factors, evaluated
tradeoffs, and combined the resulting value judg-
ments into some single, merged criterion would
implicitly usurp the public's authority and respons-
ibility,

For similar reasons, "public acceptability” is here
considered a criterion rather than a constraint. A
myth, too long perpetuated in discussions of the
problem, says experts (e.g., administrators, engi-
neers, planners) can identify at some early stage
those alternatives that will be unacceptable to the
public and that, thus, should be developed no further,
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This myth Implics, Brst. that there arce coraln ab-
solutes. In fact, expericnce suggests that “the cons-
munity can be educated dnd public opinion can be
changed, und that whether somcthing i3 worth dolng
in the political atena depends on its costs und bene-
fits. * Sccond, the myth binplics that "cxpuerts” are
more capable of determining political feasibility or
public acceptabllity than policy makers or publicly
responsible officlals. But, In democratic socicties.
oaly the public and its clected represcntatives have
the tight to decide what is and what is not politically
feasible or publicly acceptable. Experts are notori-
ausly had at making these judgments. Their responsi-
bility is to pravide information on the possible
outcomes, costs, and bencfits of alternative actions,
ot to decide that particular alternatives will be un-
acceptable.

Coustralais

Constraints arc inflexible criteria that alternatives
must meet, They usually reflect scarcities, rigidities,
or values of vver-riding importance, and chunge as
these change with time. For motor vehicle air potlu-
tion, constraints on possible solutions arise because

(a) Certaln resources are scarce or limied--c.g.,
technical manpower (nuinbers, specialties, quality),
facilitics, and knowledge. Knowledge, ¢.g.. scientific
knowledge and technical state-of-urt, evolves rapidly,
so that frequent re-assessment of knowledge con-
straints is necessary, Technicul manpower is not
likely to be a serious constraint (although there
might be shortages in some specialties if, say, elec-
tric car devclopment were to be pushed on a large
scale), but somk projects requiring similar speciatties
may be slowed or halted because of manpower diver-
sion. Facilitics, similarly, should be adequate for
most purposcs, although robust, reliable pollution
measuring instrunients and facilitics for testing new
components and systems may be scarce,

As the Subpane! on Automotive Encrgy Sources
points aut, shortages of certain materials (e.g., silver,
mercury, and platinum group metals) might be ug-

“L. F. Kuin, "A Re-appraisal uf Metropolitan Transport
Planning.” Paper presented to the Commanwealth Burcan
of Ruads Symposium on the Economics of Rouds und Rl
Teamsport, Melbowine, Aasisaliu, Juby 17, 1987, p. .

*olhid, p & KNuin comtinues: Frequently in camples sys.
tems .., the implications of particular aliesnatives die not
wt all upparent. As a result it 15 often not poveehle o el
mate even crudely the possible benefus amd costs of partic.
wlar weons antil they have been examined varcfully and
uniil 1've derailed arithmetic has been done, Thai the arith.
metic 13 difficult 1o carry out in many instunces wind can
only be roughly approvimaicd n others is nu ¢xcme ...

gravaled by e introduction and whicepicad use s
some new prupulsion systems but, otherwise, mate-
riais are not cxpected to be o scrivus constraint, The
Subpunct on Autoniutive Eneegy Sousces alvo has
found that "adequate energy sources are available at
least for the temasinder of this century to meet the
sehivle transpottation requirements of the country
segardives of the type of power phlnt that may he
used.”

For the scale of patlution-comtrol tint has been
cnvisioned, capital is not likely o be scarce, both
beciause the major firms involved (in the automobile
and petredeunt industeies} are quite targe and have
extensive working capital, and because massive capi-
tal investments do not appeir necessary.

(b} Solutions must work In the curreat context
and what evolves therefrom. Any pulicy proposed to
combat motor vehicle air pollution must wurk in the
context of its time and of the future it seeks to affect
{t shoutd exert what influence it can to make the
cantext pore receplive, but must achnowledge ity
very limited ability to change the context quickly or
signiticantly. or to alter significantly the direction or
monentum of the chunges that resolt from the sam
of countless other furces. Any proposed policy, for
examplc. must take inte decount the following:

(i) Duspite the many minor changes that oceur
almost daily. most metropolitan wreas experienee
major change only over decades, if at all. In many
important respects, the metropolises of 1990 will
look very much like those of today, The fuctors
determining  intra-metropolitan  transportation de-
mand aad the resulting trunsportation fows are tikely
not 1o have changed greatly, afthough the seale and
structure of the demand and flows may have changed
to reflect chunges in technotogy and income distribu-
tion, The current stock of housing, oflices. stores,
fuctories, streets, and highways Is sa large that pro-
pusils for major redesign or realignment of metro-
politan arcay must, to be realistic, hasve time-horizons
of twenty years or more. Similarly, Jarge-seale
changes in the tramsportation system require such
large investments and (in generab) tike ~o Jong to
uccomplish that their effects are felt only tong after
they arce planned. Proposals to shupe the contest over
the short-term must, realistically, wim at the margin
to influcnee chanpes and try to mold that which is
new.

(ii) The current stowh of motor vehicles is large
and growing, and ownership s ditfused among o
very large nuimber of people. Further, motor vehicles
are sufticiently Jong-lived that new vehicles intro-
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duced in any year make up only 10 pereent o the
Wtal stock. Thus, inithating and continuing pollution
control requires dealing with a large number of in-
dividuals and contenthing with the Tags and mamte-
manee problems caused by the slow How of old
vehicles oui af the wystem.

Table 47 pives the number of motor sehiles
registered in the United States for 1963 ta 19606 and
shows the range of projections for the nuimbers- by
sehicle type -for 1975 and 19R0. The table revends
that there were more than 90 million vehicles in the
U.S. in 1966 and that the number is expected to
isc to between [25-1oU mittion by 1980,

Table 48 shows that, although the average age
of the automobile population is about 6 years, the
medisn Hife of an individual automobile is nearly
11 years, and that mwre than 10 percent of the cars
produced in a given year are still in use 10 or more
years later (although cars 16 yuars old or older
constitute only | to 2 percent of the total automobile
population at a given time). These figures show,
for example, thut cven if ull cars produced after a
given date were to hinve extraordinarily low emission
characteristics, it would be & yeurs before the low-
emission cars would make up SO pereent of the tota!
car population, ¥ years before they would make up
75 percent, and 14 years or more before they would
have replaced ull but § pereent of the alder cars,

Tantt 47, 1LS. Motor ViHicts Keaisrratioss

Year  Passenger  Buws  Trucks Total +
Cars

1963 63,055,000 9R000 13,360,000 H1.714,000
1964 THYHI000 05,000 1401360 R6 301,000
1965 75,261,000 Y4000 14,795,000 w3700
1963 7 74913,000 155000 14035000 89,103,000

19660 78,31 5.4X0 18,864,000 94,179,000

Projcctions

1975 98 11S nwibon 20 25 andliop FES J3S mullion
Y80 108 13S nuthon 20 30 autlion 125 18U millon

(Privateh anad Punbicly COwned Vahigdes, exviuding military vehivles
Burcdu ol Publiy Kuadse dete, vited in 1987 Awtomabile Facts and
Flawres, p. 1Y Gl hgufes Tousnded (v the nearest thousand)

TPeivately Jwned Vehiles unly

Pechmmaty cvumale.

Chigutes May el add previsely Lo bl Because of ruuniing.

tam s 4R Atromoenr Lontarvity *

Fraction of Cars Fraction of Cars
tA 1 Years Okbin Originatly Produsced

A Preceding Year that had Survived
Ape nl Car SuRv Vg to Bovome A Yearsn
[Yedrnt A Years vid in
196 1904 fyed 1964
b2 VU ] 1.000 1

K P LT 49 L399 99
4 4., L9 LY90 L9 Bl
YGooon, o It L7735 904 936
[T B 957 vl a2 ]
TR N3n i K63 .434
8Y,.......... L LN i3 L1158
L 2011 S 5 K5y .64y .65}
10 1........ B A .544 838
[ I =S LT84 770 424 412
1283 764 EAR) A4 I
13 4., ... 169 182 L4y 234
t415........ L7182 .187 NEN AN
ISt6........ 11 Al 145 A
N L S L7 .§2% BRI 07

Moedian Automolile Life = 1] years {appros.)
Average Axe of Automohile Populution =6 years approa)

*¢ aliulated fram hgures given in Amsmobde Focts and Figwres,
1848, p 22

Truck replacement by even slowery it takes more
than 7 yeurs to replace 50 percent, more than 13
years to replace 78 pereent, and 1B years or more
to rephice Y5 pereent.* These figures assume a rea-
sonably steady rate of new production and no cs-
sential change in the current rate of scrapping old
vehicles. An increasing rate of new production and
an incresing rate of retirement could aceelerate the
influcnce of new vehicles.

Table 49 shows automobile ownership by house-
hold income in 1964, 1t shows that ownership of
approximately 60 million automobiles was then
divided among approximately 43 million houscholds,
of which roughly 12 million owned twe cars or more,
It ulso shows un almost peefect (in a statistical sense)
correfation of automobile ownenhip with household
income; the percentage of houscholds owning one or
more cars rises from SO pereent for households with
incomes of $2000 or less to essentially 1KY percent
for houscholds with incomes of SISAKH) ur more.
If these figures truly represent discretionary uses of
income and are stable with time, they may indicate
that generally rising incones (possibly  augniented

*Refercuve ¥, p. 25,
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by an at least pardally successful “poverty pro-
gram”) will lead 1o greater automobile ownership
{and hence sontewhat greater pollution probloms)
than anticipated in the projections in Tuble 47,

Fahle 30 shows he leserape possessed by the
Federal governmien ‘wwough its ownership and pur-
chise of motoe velo-ies. it shaws that the Federal
soverament owns domuestically e than 70,000
automobiles and 210,000 trucks, and purchases in
a typical year -excluding military agencies and the
Post Office about 9,000 automobiles and 15,000
other vehicles. Although these form an almost in-
signiticant share of the totat stock and tlow of \ehi-
cles, the numbers arc large cnough and Federal
purchases are sufficiently conspicuous that they offer
considerable  opportunity for the testing of new
developments and the inauguration of special pur-
chase requirements,

Taste 49. AUTOMOBILE OW S FRSHIP BY
HousinoL b [ncomt, 1964

i Number and Percent
Number of of Houscholds
Qwning

One or Two or

House- More More
| holds  Cars Cars Cars
(Mil- Owned

lions) i

LA LA R

All Houscholds. ...' 56.2  S9.4 43,3 77 1.3 2
Houschold Income: :
Under$2000... .| 13.4 19 67T S0 1.2 ]
$2000 2994, ..... L LSOAY 6 03 6
$3000 39, ..., $.2 4% 38 T 0.6 12
S4000 4w, ... .. S0 48 4.0 & 0.7 14
$S000 SYW...... 6.2 6.7 $.4 R 1.2 1y
S6000 7494, ..., 7.0 B9 6.4 91 1.9 2
$7500 Y994, ... .. 7.0 10,2 6.6 94 L6 37
$10,000 §14,000... 5.3 BO S Y8 16 49
$15.000 and mire,.; 2.0 3y 20 100 1.2 0

*Based o data from o wnple of made than 15000 households in
July 1964 By the Hurcau al the Cemun. (Ciicd 11 1967 Awtomodile
Forts aad Figuees, Automobile Manulacuiers Asaeatan. pp w7

(iii) Operating these Jarge numbers of motor
vehicles vach year consumes a large amount of fuel,
As Table 51 shows, ncarly 75 billion gallony of
motor fuel were consumed in 1966, and from 105 to
130 billion gallons are expected to he consunied by
1980,

Tamiy 30 Moros Vinicers Ownio sy 1
Fentmat GoYFRNMENT !
(June 30, 1966)

Scdans,
Station
Agencics Wagons Buws  Frucks  Total
! and :
 Ambulances
Civillan (Total. ... 42,618 1418 112,070 161,106
Military (Totaly. ... 40,514 10,508 139,571 190,5%0
All(totaly, . ... ... 83,130 1192} 286,643 351,696
Domestic. ....... 70,683 7755 2699 MUV

Foreign, . ....... 12457 7 4168 &390 60,559

GENERAL SERVICES ADMINISTRATION PURCHASES UF
Maotor VERICLES (ExCLUMING MILiTARY) *

Type of Vehicle : Number | Amount ?
' !

SeUdNS . L e 7,420 S$11,859,000
Staton Wagons, ..o e . 1,498 2,802,000
Post Oflice Vehicles. ..., ... 14,586 | 24,008,000
Ambulances, Trucks,  Buses, !
Trailers and Others. ..., ..... 15,404 . 36,561,000
TOTAL............. e 39,008 . §75,230,000

' Annual Molor Yehicke Report, General Services Administration,
February, 1967,

S Rewords of Maotor Vehicle Section, GSA. Purchaves fur Faal
Year (044

Rounded 11 nearest $1,000.

(iv) An important part of current and future con-
texts that scems difficult to influence directly is
meteorology. Large-scale weather modification s
being studicd, but now and for the foreseeable future
scems beyond more than minor control (such as
cloud-seeding ). Proposals have been advanced for
“breaking™ temperature inversions and other stug-
nant conditions that exacerbate the eflects of poltu-
tion. But thus far none seems capable of harnessing
the forces that would be needed to upset these
conditions’ stability.

Micrometeorology may be more umenable to
ni's control. Indecd, there are suggestions that
urban construction has greatly influenced  micro-
climates, and that good design could both enhance
conditions favorable to dispersing pollutants and re-
duce the effects of those that tend to trap poliutants
fovally, Reducing pollution by affecting micrometeor-
ology may in the end be diflicult, but now the major
constraints appear to be lack of information and lack




of institutional mechanisms through which micro-
meteorology might even be considered in developing
the urban contest.

(c) Policies must be concerned with institutions,
traditions. and habits, Strong efforts that attempt o
change these clements quickly are not likely to he
weleomed by those even indirectly affected.

Pollution paolicies, for example, must consider the
structures of the automobile and petroleun indus-
tries. The former is characterized by o fow very large
firms and a host of much smaller, specialized sup-
pliers. The large firms ongage in oligopolistic (as
distinet from classicat) competition and. for reasons
described in the main Panel report and the report of
the Subpanel on the Automobile and the Economy.

Taste 51, Moror FurL CoNsuMPTION

Year Motor Fuel Consumption
{billions of gallons)

1965 .1
1966 (preliminary) ) 4.6
Range of typical projections
1970 80-89
1975 90-110
1980 105-130

have long lead times associated with the design,
tooling, and production of new developments. The
petroleum industry contains about two dozen large,
integrated * firms and a considerable number of
medium-sized to small companics. Many of the
smaller companics (which account for noticeable
parts of sclected markets) concentrate on exploration
and production, refining, or marketing, but not all
of these, and thus are more sensitive to vicissitudes
in any onc. New processes for various aspects of re-
fining are continually being introduced, and old pro-
cesses are continually being modified, but the pro-
portion of total capacity replaced or substantially
modified in a given year is usualy smull.

Other constrainis on policics stem from

(i) Frictions and unresolved authority and re-
sponsibiiity in government.

(ii) Continuing legislative review of executive
authority and short-terms appropriations, at both state
and federal levels,

*Vertically imegrared, with capabilities for exploration.
production, refuing, distribution, and muarketing, Many have
botk duniestic and foreign operations,
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{itt) The fragmented powers and cefative ineflec-
tiveness of many local gove nments,

(iv) Time-lags and confusion accompanying the
estahlishment, stafting. and breaking-in of new agen-
cies, agency functions, or administrative or enforce-
nent systems.

{v) Traditional rclations and mutual suspicions
ketween fndustry and government,

(vi) Traditional industrial prerogatives and habits.

{vit) Pcople's traditionat preragatives {e.g., free-
dom of mobility ) and habits,

(viii)  People's prefercnces (as conditioned by
existing  alternatives, advertising, and Uwir current
milieu) and the problems and time involved in at-
tempting to change them.

{d) Policies must be concerned with distributional
effects. What matters is nat only the size of the pic
of costs (or benefits), but how it is divided up. Pro-
posed changes must take into account possible dis-
proportionate impacts vn certain parts of the popu-
lation.

Some policies might (as the section on Impacts of
Pollution Control Policics cxplores) have impacts
considered quite undesirable by the disadvantaged
and poor. These groups may value lightly the bene-
fits received from reduced pollution (because com-
pared to the other discomforts, and medical and
economic problems they face, pollution may scem
minor) and value heavily the costs incurred from
potlution control. Further, some pollution-combating
policies may be economically regressive, and affect
the poor and disudvantaged adversely in strictly
econamic terms.

Pollution-control policies might aiso disproportion-
ately affect other groups, such as parking garape
owners and operators (if the addition of afterburners
or engine redesign were significantly to increase the
length of all cars), small companies supplying parts
or fuel components that might be climinated or re-
quired to change radically, storc owners in arcas
where parking or traffic might be restricted, etc,

The important questions are how severely these
groups may be injured and how scrious their in-
juries are considered to be. Someone is almost always
hurt by policics that distribute costs and benefits un-
evenly. Deciding whether policics should be con-
strained 0 avoid particular injurics to particular
groups requires (a) detailed analysis to discover
just what the ctfects are expected to be and (b)
careful cvaluation of the effects to see whether the
costs of the injurics outweigh the costs of constrain-
ing the policics.
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The constramnts imposed because of distributional
effects should be reviewed peniedically to ensure that
they do not acquire the status of inmmutable laws.
Too often such constraints outlive their bases. They
bec~me “rules of thumb™ that must be observed
because no one knows or remembers the reusons
for the vriginal decision, which thus cannot be con-
tesied. Conditicns may change markedly, but all too
often the constraint remains in foree.*

Criteria For Pollution Reduction and Costs

In evaluating possible poliution control policies.
two of the most imporiant guestions are

(a) How much do they reduce polintion?, and

(h) How much do they cost?
In this form, both questions are deceptively simple.
The criteria for pollution reduction and costs involve
many considerations, as the following subsections
show.

Criteria for Pollution Reduction

In cvaluating the actual reduction of pollutants
that might result from various policies, the key
questions are

(a) Which pollutants arc reduced?

(b) Which, if any, arc i vercased?

(c) By how muck are they reduced or increascd?

(d) For (a) to (¢), Where?

(e) For (a) to (d), When?

Further important guestions about a policy’s pollu-
tion rcduction are

{f) To which features of thz policy arc these
results most sensitive? That is, if ten** percert mere
mongy than indicated were to be devoted to this
policy, where should it be spera? Or, if only ninety
percent of the money indicated were to be available,
what should be cut and what should definitely be
left alone?

(g) What happens to the pollution reduction
claimed far other policies if this policy is followed,
and vice versa? Vwhich other policies would ¢n.  sce
this one, or be enhanced by it? By how much (i.e.,
questions (a) to (e))? Which other policies would
lower the effectiveness of this one either by affecting
it adversely or by getting rid of part or all of ihe

*Reference 143, p. 6.

**Ten pereent is used for illusiration. In praciice, sensi-
tivit,: should be cxamined jor sevesal different levels of
expemditnre above and helow thar indicated. The informa-
tion revealed tarounh seasitivity  questions may  lead 10
revisions of the po oy which improve it greaily.

problem this onc is designed to combat? Similarly,
which other policies' effectiveness would this one
Inwer? By how much?

In cvaluating how ctcctive given policies might
be, one properly should weight specific pollution re-
ductions according to their relative  importence,
Measures of imporrance (or of pollutant-reducing
cticctiveness) should assign weights to the specific
pollutants reduced (or increased), the smounts of
reduction (or increase ), and the locaticns and times
of the pollutunt changes. With these mceasures, one
should be able to answer in some reasopable way
questions sach as: Which of the (hypothetical) two
prograzns outlined in Table 52 would be preferable
on the criterion of pollution reduction?

Unfortunertely, information is not now sufficient
to develop meaningful measurcs of this kind, as the
report of the Subpanel on Air Poliution shows.
‘There appears to be little general agreement abou
cither the relative imporiance of the various pollu-
tants or the relative values of various reduced levels.

The questions about sensitivities and interactions
can be hancled witn somewhat more confidence,
niainly because they deal more with specific technical
issucs than with medical and public values. Inter-
actions between certain technological alternatives are
receiving attention now in a numbgr of laboratorics.
Interactions between technolozical and non-techno-
logical alternatives have received perhaps less aiien-
tion but may also be important. Proposals te reduce
pollution by increasing the average speed of traflic
through congested arcas or by improving people's
driving habits, for example, would bc much less
attractive if engine changes were to make emissions
depend much less on speed and on frequency of
acceleration, deceleration, and idle.

Scnsitivitics may be cxplored, at least approxi-
mately, through some simple, aggregated models that
represent some of the more impertant phenomena
and policy variables. Pollution cffects can be reduced
in three gencral ways.

(& By rcducing the cxtent of the activity that
produces pollution,

(b) By reducing the pollutant emissions per unit
of activiiy, and

(c) By reducing the impact of emitted pollutants
on suscepliblc people, agriculture, and property.

A relatively detailed, formal model (Model ) for
(a) and (b). and : highly simplificd, partially pie-
nomenological model { Model 1) for (¢) arc devel-
oped in appendices | and 2. The results of these
models may be surimarized as follows:




Tapit 52 PROGRAM A
(1-hour peak average cencentrations-ppm)®

Year co HC NOX
1975—Centra!l Arca....... 034 158 0.6£0.3
Suburban Ring..... 1043 B:§ 0.3x0.1
1985—Central Area....... 028 10:t5 0.8:£0.4
Suburban Ring..... E41 644 0.410.1
1995 - Central Asca....... © 1525 64 0.5120.)
Suburoan Ring..... 62 32 0.3::0.1
PRoxinam B

(I-hour peak average concentrations-ppm)*®

Yecar . CO HC NOX
1975—Central Area....... LS 1717 0.5:£0.4
Suburban Ring ,.. 10} 946 0.340.2
1985 --Central Area....... 25%5 ti+S 0.5+0.3
Suburban Ring..... 543 5+4 0.240.1
1995 Central Area....... 5+2 i+) 0.140.1
Suburtan Ring..... 241 0.5+0.5 0.05+0.05

*Eapected values ¢ expected 947 connidence [imits,
(1-hour peak average conuintzation may noi e u good index; it s
u.ed for dlustration oaly.)

MODEL I:
Nomenclature
(i) Subscripts
i represents poilutants—-te., j 1 might
represent CO, | 2, ozone, ctc.
k represenus distinet aspects of the driv-

ing cycle—ie.. k21 might represent
stcady driving below 10 mph, A - 2, de-
celeration, ete.

" represents relevant vehicle types—ie,
m=.1 might represent small cars,
m=2, light trucks, etc.

(ii) Independent Variables

R - Region of intcrest, in which activity
produces poliution, e.g., a certain
part of dawntown

T - Time period of interest, e.g., 8 10 10
a.m.

N = Year of interest, e.g., 1980

. - Year in which a given vehicic was
produced.

a - Age of a given wvehicle, in years
(a3~ ¥
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(iii) Depcndent Variables
Aulya) Number of vehicles of type » origh-
naily produced in year ¥,
Noo) Number of vehicles of type s that
arc a years ofd in year v
Sa(a) fraction of vehicles of type s sur-
viving o years
A, {y.a) Amount of pollutant j emitted per

unit of driving aspect & by vehicles
of type m that arc a ycurs old in year
¥

D,.{R.T;a) - Extent of driving in aspect & done by
a year old vehicles of type m in re-
gion R during time-period T

Ui -~ Amount of pollutant j emitted per
unit of driving aspect k& by vehicles
of type m that have nro pollution
control (i.c., basc-linc emissions).

E, .(y.a;A1) - Effectivencss of control on cmission
of pollutant j during driving aspect &
from vehicles of type m that arc «
ycars old in year y and have been
maintained with maintcnance policy
M.

Simla,M) - Effect of vchicic age and mainte-
nance policy on control effectiveness
for pollutam j in driving aspect &
for a vehicle of type »1. f=1 indi-
cates that cflectiveness is the same as
when the car was new, f O indicates
that all of the designated pollutant
control has been lost,

Q,.{R.T:x,a) - Quantity of pollutant j cmiticd by an
« year old vchicle of type mr in re-
gion R during time T in year y.

Q,.(R.T:y) -~ Total quantity of poliutant j emitted
by all vehicles of type m in region R
during time 7 in ycar ).

Q,(R.T.)) Total quantity of pollutant j cmitted
by ail vchicles in region R during
time T in year y.

Relations

(n Nu(3.a) = Na( o) Sula)

{2) Epm(r D)= n = A,y MU im
() EpnlraiM)=E (1.0 inla,M)

(4) A)lm('l‘qu)::A". "_rma)
[ = Exm( s MY = (1.0

=
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) Qm(RTiN6) =20 Apun(30) Din(RT4)
&  Q..(RT))= 2 Q.m(RT N1 \@)
M QRT=Z 2 (RT:))

This relatively straightforward model (or collec-
tion of relations) relates substantive, measurable
quantitics—and the policics aflfecting them—to the
rate of pollutant emission. Even in this simple, de-
terministic form it may facilitate the comparison of
alternatives and permit the effects of policy and per-
formance variations to be examined systematicatly.

MODEL 1I:

The preceding modcl covers the production of
pollution. To scc what happens once pollution joins
the atmosphere requires a detailed sct of modcls that
cover steps (g) through (L) of the air pollution
chain of c¢vents (page 330). Current understanding
of meteorolugical (and atmospheric chemical) proc-
csses is not sufficient to develop such models. None-
theless, it is possible to develop an extremely crude,
highly oversimplificd model of the generally impor-
tant ¢vents that offers some indication of how some
key phenomena and policy variables might interact.
Such a model is developed in appendix 2. It s in-
cluded only to show in a rough, semiquantitative
way what the broad imphications of certain policics
might be. It is not meant to be definitive, and should
be interpreted more broadly than below only with
considerable caution,

Nomenclature

¢, = Average concentration of pollutant j in a given
region

d =Charucleristic over-all dimension of a given rc-
gion (c.g., diameter, length, width)

D= Effective atmospheric diffusion cocflicient

k=Ratc at which pollutant j is effectively removed
from the atmosphere

S,= Rate of emission of pollutant j in a given region
(in the sensitivity calculations, assumed to be
uniform throughout the region)

V =~ Wind velocity (assumed constant)

Relstion

o[- (E) - ()]

Scnsliivities

Despite its many limitations, this simple mode!
may show approximately how sensitive the average
pollutant concentration is to changes in emission
rate, pollutant removal rate, wind velocity, and re-
gional size. The index of sensitivity used is the per-
centage change in average pollutant concentration
that might be expected to result from a one percent
change in the indicated quantity, with cverything clse
remaining constant,

(i} Emission rate: §,

A onc percent decredse in emission rate might be
expected to resuit in roughly a one percent decrease
in average poliutant concentiration.

(ii) Pollutant removal rate: &

A onc percent fncrease in pollutant removal rate
might be expected to result in a decrease of b percent
in average pollutant congentration, where

~ 1 (kd
b (4).
For a region in which &k~ 1/day, d~ 5 miles, ¥V~ 7
miles per hour, b ~ 0.01, Thus, it appears that poilu-
tant concentration is at least an order of magnitude
less sensitive to changes in the rate of pollutant
removal from the atmosphere (by physical and
chemical means) than it is to changes in the emission
rate,

(iii) Wind velocity: V

A one pereent increase in wind velocity might be
expected to resuit in roughly a one percent decrease
in average pollutant concentration.

(iv) Atmospheric dispersion: D

This model represents a physical situation in which
atmospheric dispersion is not important (its effect
is less than that of the pollwant removal rate). Dis-
persion is important, however, when pollutant con-
centrations change significantly over relatively short
distances.

(v) Regional size: d

A one percent increase in the size of the region
over which pollutants are emitted at a uniform rate
might be expected to result 1 roughly a one percent
incremse in average pollutant concentration, This
result has implications regarding the pollution cffects
of urban sprawl,

Criteria for Costs

In cvaluating the net monctary costs that ight
result from various policies, kcy questions are

b/
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(a1} What arc the monctary costs to the con-
sumer?

(b) What monctary benefits does the consumer
receive?

() How arc these cosis ang bepefits distributed
an:ong consumers?

(d) For (a) to {¢), When:

Further important questions about a policy’s coslts are

{c) What arc the secondary costs or bencfits to
the consumer that result from changes in govern-
tetal tax fevenues of govertiment cxponditures?

(1) What is the distribution of probabilitics for
future costs? That is, what are the likelihoods of
actual costs in given future ycars being ten percent
less than those estimated? Ten percent more! bifty
percent more? Twice those estimated? Five times
those estimated?

(g) What interest (or equivalently, discount) rate
is used for compariny alternative policics?

(h) For policics where reduced pollution is only
onc of many desir.d goals, what procedurc is used
to allocate part of the costs or benefits to pollution
control?

We stress the consumer in questions (a) through
(e) because the consumer’s point of view should be
maintaired throughout (i) to show what the ultimate
monctary costs and benefits to him might be and (ii)
to avoid double counting. The latter is especially im-
portant because without a consistent point of view it
is cesy to count the same costs over and over again.

Technological changes, for cxample, may raise
initial purchase prices of automobiles; these increases
would be costs to car-buying consumers. These same
changes may have cntailed rescarch, development,
and tooling costs for automobile manufacturers, re-
scarch and development costs for metals producers
and parts suppliers, ctc. But all these costs are repre-
sented in the automobile purchase prices and should
not be counted again. The increased revenue from
the increased prices balances thesc costs for the
companics concerned, so that the nct {primary) cost
for the economy is that felt by the consumers, Simi-
larly, if pollution contro! were 1o increase fuel “mile-
age,” that is, decrcase the number of gallons of
fue' nceded to drive a given distance, the net
(primary) bencfit would be the net savings to the
car-operating public; including the effccts on petro-
leum company revenues, etc,, would be double count-
ing.

Distributional effects may be important if costs
or benefits are distributed quite uncvenly. If, for
cxample, pollution control changes were to increase
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the prices of inexpensive vehicles and decreasc their
fuel mileage, yet not affcet the prices of more ex-
pensive cars and increase theis fuel mileage, one
would want to consider the distribution of costs as
well ag the over-all total

When net costs occur is important because (i) their
timing may affect consumers” ability or willingness
to pay them and (i) moncy can carn interest, so that
costs incurred todav aic valued at more than the
same costs incurred some years from now, How
ditferent the valuation is at different times depends
on the interest rate—question (g). Selection of an
interest rate is discussed in the following section.

Scconda,y costs and bencfits accrue to consumers
through the cffects policics huve on government re-
ceipts and expenditures. Decreased fuel consumption,
for example, would resuit in decreased fucl taxes to
states (about 6 cents of the price of a gallon of fucl
is statc tax) and to the Federal government (4 cents
per gallon is Federal tax ). Most of these taxes go into
special highway funds that are kept separite from gen-
eral treasuries, however, so that it is difficult to trace
directly the effects decreased revenue would have.
Highway programs might be curtailed or stretched
out, or possibly reorganized; what these steps might
mean to consumers {and when) is not clear. Increascd
vehicle purchase prices might result in increased state
revenucs in states having sales taxes on vehicles and
might result in increased Federal revenucs through
the corporate profit tax, Tracing the cffects of pollu-
tion control costs and price increases through corpo-
rate ledgers to see how they affect profits, however, is
likely to prove unrewarding, and tracing the effccty
of slightly incrcased tax revenues on consumers is
likely 10 be difficuli, Thus, onc might assume most
sccondary cffects 1o be negligible unless they clearly
arc not.

In evaluating policics, it is important to recognize
that many costs, especially those associated with in-
completely developed technologics. are quite un-
certain, Many are only guesses, based on conjectures
and preliminary information that may later prove to
be wrong, Carcful application of the techniques of
“technological forecasting™ * may help to bound cost
estimates. But no technigue, no matter how in-
genious, can vicld more than probabilistic cstimates
of the costs (or benefits) that might stem from alter-

*For 1 discussion of “technalogical forecasting” sce M.
Cetron, “Forecusting Technology,” International Scicnce and
Technolugy, No. 69, 83-92 (Seprmber 1967).
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nniives shat have never been tried or do not yet exist.
The best that now seems possible is to choose care-
fully an cxpected value (or “best guess”) of the costs
and benctits, bascd on the information and insighi
available, and then to fill out an approximate (sub-
jective) probability distribution by answering the
latter part of question (0).

Using the expected value alone is hazardous, un-
less there are very good reasons to believe that the
costs cannot differ greatly from it. An crror of $1
per vehicle in estimitedd present value is an extimat-
ing crror of about $100 million- a small part of the
GNP but signiticant nonetheless, If the costs are un-
certain, as they surcly are for some policies, policy
makers and the public should know how uncertain,
50 that they can choose and plan accordingly. In
some cases, incurring additional costs for experi-
mentation  and carcful monitoring may reduce
uncertainty signiticantly; deciding whether such ox-
penses are worthwhile cntails having some idca how
uncertain the estimates might be without the addi-
tional knowledge,

When vehicular pollution control was thought to
involve mercly adding on devices without essentially
changing vchicles any other way, assigning costs to
poliution control appeared straightforward. Now that
technological pollution control appcars to involve
basic engine redesign, deciding how much of the rc-
design cost to charge to pollution control is no longer
s0 simple. Some redesign might occur as part of some
year's model change cven without the impetus of
pollution. And, if it is thorough and wcll done, the
redesign may improvc aspects of vchicular perform-
ance other than pollution. These other improve-
ments are not valucless, Similarly, redesigning may
alter some performance aspects undesirably; how
much of the “degradation” should bc charged to pol-
lution control and how much to other design trade-
offs (such as are made normally) is not immediately
clear,

Many of the non-technological alternatives pro-
poscd scrve mainly other objectives; for them,
poliution is an incidental consideration. If increased
consumer costs for these do reduce pollution, how-
ever, even incidentally, some of those costs might
{egitimately be charged to pollution control. Deter-
mining how much should be charged is much like
determining the cost of a sccondary by-product, a
problem that has not been satisfactorily resolved,
cven in industrics where such by-products  are
common,

These allocation problems make determining the

“cost of vehicular pollution” cither extremely difli-
cult or very arbitrary. Proposals for tax incentives,
cost sharing, or aceelerated depieciation te stimulate
pollution contro! investment must face these prob-
lems: otherwise they would scem likely to have more
effect on accounting procedures than on research
and development or design and production.

duterest Rates for Comparing Allernatives

As previously mentioned, interest causes costs and
reduced pollution occuring in the future to be valued
less than the same costs and benefits occurring now.
Comparing altcrnatives formally for pollution reduc-
tion and costs, therefore, entails selecting an interest
rate. The following table shows the effect of the
interest rate chosen:

Relative Value of Cast or Benehit

Annual Value of Cost Occursing
Interest Rate!  or Benefit Now 10 years frum now 20 years from now

1% $100. $90.53 $81.95
2% $100. $82.03 $67.30
3% $100. $74.41 $55.37
5% $100. $61.39 $37.69

10% $100. $38.55 $14.86

20% $100. $16.15 $ 2.6

1Cuompounded annually

A low interest rate assigns relatively high importance
to the futurc, whereas a high interest rate focusses
almost cntirely oa the present and neglects all but
the relatively near future,

There is an cnormous literaturc on the subject
of interest rates which we shall not attempt to review,
We merely point out that for problems such as vehic-
ular air pollution, the future is usually considered
quitc important, so that the interest ratc used is
usually rather low. The “'social interest rate” reflects
a different emphasis on the future than the com-
petitive-market interest rate. We may wish cleaner
air for ourselves, but even more we desire its benetits
for future gencrations. Because of the significant
differences between the probable cffects of private
and collective action, most people agree that the
community as a whole should undertake morc in-
vestment than cach person would undertake in-
dividually. Each vicws his own sacrifice as a small
price paid to get others to cooperate in making the
investments he wants.* Thus, in cvaluating air pollu-

*S. A. Marglin, Chapter 2 in Design of Water-Rosource
Svsterus, A. Maass (Ed.), Harvard University Press, 1962,
pp. 47-48.
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tion policics, the future should be valued highly, the
interest rate chosen should be lower than that used
in cvaluating private investments,

Criterin For Effcets On The Motfor Vehicle System

Pollution contro! policies may affect the motor
vehicle system per se by

(a) Changing performuice characteristics such as
runge, acceleration, rate of acecleration, “opimum”
speed, maxinium speed, lighting, rapidity of s:anting,
adaptability o different environments (heat, cold,
dust, wind, rain, snow, ice}, capacity (for peopte and
goods), versatility (or flexibility), and reliability.

{b) Changing the qualitics of comfort by affecting
noise (level and character), vibration, cnvironmental
control (heating, air-conditioning), accessorics (radio,
cigarctte lighwer, power steering, power brakes,
power-operated windows, cte.), and status value,

(c) Aflecting safeiy. The “boundury conditions™
for safety design are not now known with certainty;
many of thosc now in fawbooks are basically arbi-
trary.

() Changing convenience characteristics such as
case of starting, case and rapidity of refueling, fre-
quency and cxtent of maintenance, case of parking.
ability to handle goods and people, and compatibility
of parts with the rest of the motor vehicle and trans-
portation system.

The criteria for cvaluating these cffects are not
well understood, but the effects are important, never-
theless. Public acceptability is an important criterion,
for example, but onc shrouded in myths and mys-
tique. The public's riteria for these cffects are ob-
viously interrelated, Some people may be willing to
trade capacity and certain features of comfort for
greater acceleration, maximum speed, status value,
cte., as they now do when they buy sports cars.
Other people prefer small, lower performance cars,
and still others prefer station wagons, large cars,
pick-up trucks, cte. The current spectrum of perfor-
mance, comfort, safety, and convenience charac-
teristics is relatively broad. And the car-buying and
car-opcrating public is diverse in its needs, desires,
perception of what is available, and ability to pay,
Thus it is difficult to lay down universal criteria for
*public acceptability” other than those which cnsure
that vehictes will perform “satisfactorily™ in the voad
cnvironment.

Basic criteria for such satisfactory performance
are given by the Subpanel on Encrgy Storage and
Conversion Systems.  Additional requirements, as
yet not completely understood, are imposed by inter-
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sections, expreiswuy on-ramps, slitude, rural roads,
and traffic that includes a wide variety of vehicles,
Traflic performance may be quite important as a
critesion for clectric vehicles that have limited ac-
celeration. Preliminary theorles indicate that the
susceptibility of traffic to “instabilitivs” and collisions
miy increvse as the range of vehicle acceleration
abilitics increases.'” Furthermore, having cven mod-
crafe numbers of slowly accelerating vehicles in
heavy traflic could seriously degrade traffic flow,

Evaluating the safety of new vehicles (and, to a
tesser degree, of other potfution-combating altcrna-
tives) will be an administrative problum for the De-
partment of Transportation, which is responsible
for formulating Federal safety regulations. 1t should
not be assumed that scrious problems will be obvi-
ated because electric vehicles—as now being tested—
are to be used mainly in relatively low-speed town
driving. A high proportion of fatalitics occurs in
accidems involving vehicles that were driving be-
tween 20 and 40 miles per hour, Attention must be
given to the interactions between celectric and regular
vehicles, and to means of protecting the driver and
occupants of electric vehicles, if a noticeable number
of clectric vehicles appears on the roads,

Poliution control changes may alse affect more
than just vehicles. For evaluating clectric vehicles,
for example, support hardware (e.g., clectric charging
facilitics), system maintenunce, command and con-
trol (c.g., direct communication with vehicles to in-
dicute best routings, etc.), traffic assignment (e.g..
tights of way), and system-cost should also be taken
into account. Onc should also examine possible im-
pacls OR transportation system design, It scems, for
cxample, that

(A) Emission reduction - would greatly facilitate
the design and construction of tunnels and partially
or totally underground highways, Ventilation sequire-
ments now significantly limit the extents of both
tunnels and underground roads, and greatly increase
the costs of building and operating them. Major
reductions of ventilation requirements that would
ensuc from major reductions of poliutants would free
designers from current constraints and save tax-
paycrs’ dollars,

(B) Emission reduction, especially if accompanied
by significant noise reduction, would permit extensive
usc of the air-space over highways, Occupants of the
few structures now built over highways suffer greatly
from automobile-caused dint, fumes, and noise.* But.

*The New Yurk Times, June 20, 1967, p. 42.
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for the long run, use of highway air-space for build-
ings or far integrated “lincar cities" is felt by many
to be quite importunt. In many citics roads (and
access ramps) use large amounts of land and destroy
neighburhoud integrity, Duvelopment of highway
air-space might offset such cffects, but highvay air-
space iy Jikely tv be developed only i automobile
emissions and noise® are substantially reduced.

{C) Improving local meteoralugical conditions re-
quires carcful highway design that tukes account of
prevailing winds and attempts to reinforce rather
than ncgate them.

Adminlstrative And Economic Critecia

Policics to contral vchicular poltution should be
consistent with the following administrative and
cconomic principles:

(1) Policies should permit decisions to be as de-
centralized as possible, For cxample, other things
being equal, a rule that emissinns “be reduced by a
certain amount is preferable to a rule that particular
devices be instatled, since the former permits alterna-
tives to be considered that may be cheaper than the
devices specificd in the latter."**

(2) Policies should be flexible and consciously ex-
perimental. As cxpericnce accumulbistes, information
will be gained about the problems, costs, und benefits
of pollution control. We will then revise our ideas
about desirable amounts and methods of control,
and have 10 revise cantrol schemes accordingly . ***
Policics covering uncharted ground should conscious-
ly include experiments carcfully dusigned to yield
mcaningful cxperiential  information &s  soon  as
possible.

(3) Policles should attempt to expand future “free-
dom of cholce.” To increase the opportunitics avail-
able in the future, ripid, inflexible, long-term com-
mitments should be avoided. And policies should,
whenever possible, be designed so that more options
or choices will be available in the future than were

sFor this pirpose noise i a leswer poblem than emis-
st bue s scrious nencthiodess, Proper Dsulatlon aud
acaustic baffling can do mudd 1o 1educe the fraciion of road
noise that sedaches people's cars, But cvon with such desipn,
nerise dovels may sl be annoying 1o sonie unhes vehicle
nease cadvwions are reduced.

SvECS0 My, theanomic hucentnes in AirPolluting
Comrol,” in 1. Walazin (Eadl.). The Ecowmms of 4ic Polln.
tion, W. W, Nortou & Co., New York, 1966, p 42,

oo thid., p. 42,

available when the policy began.

(4) Policles should seek to minimize sdministra.
tive complexity, Other things being roughly equal.
policies that require fewer formal proccduccs, fewer
delailed regulations, and fewer administrative and
ehforcement personnel are preferable. Considerabte
stivition should be given to devising pelicies thi
might at lcast partially enforce themiselves, e.g., by
offering o combinution of positive and negative
incentives—with built-ln social or ceonomic feedback
—that might encourage people to reduce pollution
without dircet regulation,

(5) Policies should seek to attain finer control.
Policies should seck to recognize the finer details
of pollution control, c.g., that not atl pollutants at
all times in all places are equally undesiruble. Adopt-
ing pollutant mass cmission standurds rather than
concentration standards would also be a step in this
direction.

{6) Policies should sirive {o Improve means to
measure and monitor pollutant emlssions, concen-
trations, and ¢ffects, Ability to measure and monitor
lics at the hcart of virtually all pollution control.
Many of the other criteria in this section would be-
come mecaningless without better mcuns, so that de-
velopments in meusuring and monitoring should be
given high priority.

(7) Policles should be coupled with careful eco-
nomic research and system experimentation. We now
know so littlc about the costs and benetits of various
forms of pollution control that choosing wise policies
is difficult. Without some form of benefit-cost evalus-
tion, it is hard to determine desirable amounts or
means of abalemerit. Without some form of system ex-
perimentation and concurrent economic rescarch, not
much about benefits and costs is likely to be learned.
Thus, well designed schemes of experimentation and
research should be emphasized in connection with
any control policy.

{8) Policies should emphasize learning on the part
of the public, industry, and government. Because we
now know so litle about so much, the public, in-
dustry, and goverament ure susceptible to rumors,
myths, and misinformation. All need consciously
and systematically to learn from accumulated experi-
ence; thus, policics should emphasize and fucilitate
such learning,

(9) Policies should take Into sccount possible
major risks aud contingencles, How one accounts
for risks und contingencies depends upon one's
optimism about the future and one’s inclination to
gamble. But major contingencics (such as unforeseen
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chronic medical cffects of certain pollutants, possible
inadvertent weather  mndification, possible mujor
rishs should biological pollution scavengers be used.
ctc.) should be taken into account, and pravided for
if cvaluation indicutes that the likelthood of occur-
rence and danger so warrunts,

{10) Policles should strive to e equitable. Equit-
ability (or “fairness"). of coursc. depends on ene's
point of view, Nevertheless, cquitability has been and
remains an important criterion for American public
policy, evpecially for cealuating policics that appear
to allocate or distribute benefits and cosls unevenly,

(11) Policies should realistically take into account
their leverage over the events they seek to control.
Some policies proposed to combat vehicular pollu-
tion—e.g., modifying urban form—have little influcnce
over or real ability to control the factots that will
deteemine wheiher they succeed or fail. The prob-
ability of such policics resulting in what they aircd
for is thus exceedingly small,

(12} More cfticicnt control can normally be ob-
tained by incentives that depend on the variabic
one desires (o influence rather than by incentives
that depend on a related variabie.® Pcnaltics, -
cenlives, or regulations that depend on the amount
of pollutants discharged are likely to be more efh-
cient than, for example, those that depend on auto-
mobile mileage. The latter would distort resource
use in favor of other transportetion modes and
against better e¢mission controls, and would thus
be influencing the wrong things.

(13) Payments or subsidies are subject to the
followiug problems** (in addition to cost-allocution
problems):

(z) There is no natural “origin” for paymcals or
subsidies, "In principle, the payment shouid ve for
a reduction in the dischurge of pollutants below
what it would have been without the payment. Esti-
mation of this magnitude would be difficult and the
recipient of the subsidy would have an obvious in-
centive to exaggerate the smount of pollutants he
would have discharged without the subsidy.”

(b) Payments or subsidles violare feelings of
equity. Peaople feel that if poliuting the air is a cost
of certain activities, then those who bencfit from
those activitics ought to pay the cost.

(¢) “If the tax system is wsed o make the pay-
ments, ¢.g., by permitting i credit against tax liability
for reduced [emissions], a ‘glmmikk® is introduced

*lhid., p. 44.
e ibid, p. 45,
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into the tax system, which, other things heing equal.
it is better to avoid. Whether or aot the tax system
is used to make the payments, the money must be
raised at least partly by higher taxes than otherwise
for some taxpaycers. Since most of our taxes are nol
neutral, resource misstiocation may resuit.”

{i4) Policies should take into sccount “spiil-uver™
costs and beacfits. Cortain policies that, {ar example,
stimulated the use of clectronic controls on motor
vehicles might facilitate the eventual introduction of
automated tratfic contral, with its attendant cffects
ot congestion. Policivs that feduced downtown park-
ing in order to cat down on the number of poluting
automobiles might seriousty affect downtown com-
meree. Policies that reduced motor vehicle noise as
well as chemizal pollution might have significant
impact on the values of property within carshot of
busy streets and highways,

{15) Policies should consider the possitile impacts
of pollution reduction on alternative forms of iadical
care, (Thiy critcrion appears to be of minor impor-
Lance now, but might be kept in mind ay the medical
effects of poliutants become better understood.)

Criteria For Federal Role

Agreement on criteria for the Federal role s
scarcely unanimous, for the extent, scope, and nature
of Federal concern in eny question have become
potarizing issues in contemporary politics. However,
the Federal role vppuears logically o include protect-
ing the public interest, especially in matters such as
heaith where the “market™ is highly imperfect, and
coordinating and stimulating  private  aclivities to
insure that the public interest is, indeed, protected
adequutely, Also, afthough the Federal Government
hus not always handled this responsibitity well, it
should attempt 1o ensure that the long-run is ade-
quately considered, i.c., that short-range problems do
not drive out long-range planning.

More detailed questions, such as the best combina-
tion of industriul stimulation and Federal in-house
rescarch, lic beyond the scope of this report.

Part of the Federal role also involves sustaining
high-quality professional interest in technical arcas
related to air poliution. To attract excellent talent,
continuing ¢mphasis and funding will be needed.
Young professionals beginning their carcers und well-
established professionals who might b attracted by
the challenge will work in air polluion only if it
appears to hold promise of remaining an important
ficld for at least several years, Thus, it is important
to avoid short-term “kicks" or faddish interests that
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decline quickly, and to establish provisions for long-
term suppoent sufficient o develop o “eritical mass”
of rescarch and to influence the interests and skills
of those Wil in the educationad “pipeline.”

In addition, the Federal role invelves coordinating
the vanious Federal interests, ensuring United Siates
participation in international endeasor, and facilitat-
Ing the flow of Bformation end technolugical resubta
among those working (o solve the vehicular pollution
problem.

An impontant guestion that witl becatie Bwaca-
ingly important is the traditionally tharny issue of
Federal-State roles and relations, States, particularly
California, have been ploneers in combiting vehic-
ular pollution and reniiin very active and conscious
of thelr problems, which continue to grow, Somie,
particularly California, have problems caused by
raotor vehicle concentrations and unfavorable mete-
orology that exceed those recognized elsewhere and
which, in their view, reguire standards stricter than
thuse now or to be imposed nationally by the Federal
government. These states are understandably con-
cerncd about the Federal government's possibly pre-
cempting the field of emission control and thereby
preventing them from achieving the more rapid
progruss they scek,

The administrative and cconomic criteria outlined
in the preceding section seem 10 point tuward these
states’ view. The air polivtion problem is national in
scope and importance; the externalities involved do
dictate government action; and the problems that
might be posed by a welter of conflicting local regu-
fations do indicate th®} national action is desirable.
Yet decentralization, flexibility, administeative com-
plexity, fineness of control, and cquitability all point
toward “air shed” or localized standards (possibly
embedded in national regulations) as the best policy.
Public health programs have fong been guided by the
sound principlc of “trcat the problems where the
problems are.”” Onc may have national minimum
standards for certain aspects of health, but one
should scarcely deny tighter standards to states that
have problems more serious than the average; that
would cffectively mean denying those citizens their
cqual protection under the faw. since the effectiveness
of protection depends on the magnitude of the prob-
lem as well as on the ¢nre.

Incentives

The Federal Government and several state govern-
ments have provided strong incentises for motor
schicle pollution control through emission standards,

These standards. discussed more fully in the sub-
panel repoit an Ale Pollution. hesve set maximum
limits for selected pollutant concentrations In new
cars' exhiusts,

Other incentives for change would be-

{a} Other performance requirements refated to
pollution- -c.g.. stundards based on pollutant mass
fluw rathcr thun on cancentritions.

(b)Y Grants for resedrch or development on, or
application of new technology or new system-man-
agement practices.

(¢) Direet tuses (possibly related to emissions)
on vechicles not meeting pollution controt standards.

(d) Repulations or laws designed to atfect use
preferences or effeet systent management,

One action of intetest to people converned with
citics that might indircetly stimulate pollution control
i5 to require major urban highways to be located
partially or totally undergeound. The main additional
construction costs of underground highways relative
to abose-ground highways stem from tunnelling and
ventilation.* For long stretehes of underground high-
way. ventilation costs can be quite large. The cmis-
sion reductions that would result from pollution con-
trol would permit significant reductions in the air-
circulation rutes (and hence the equipment and
power) needed to ventilate tunnels and underground
roads. Stimulation of underground highways thus
would increase the incentives for pollution control
{by adding a significant new benefit).

ALTERNATIVES

This scction identifies a broad spectrum of alter-
native policies to combat vehiculur pollution. The
speetrum encompasses technological and non-techno-
logical approaches and some that are o mixture of
bath.®* The section has three basie purposes: (o de-
pict the full range of pollution cortrol possibilitics.

*These cosis are parily offset by reduced land acquisition
and casement canty, reduved  savial dislocation,  possibly
reduced vous of wnldity relovation, vee,

2 Y e charactor of these altconaiyes iy elativey unevoa,
Althoueh the report's stectiis e may appear o indivete that
all he wltcrnarives disassed  we ronghly parallel,  they
clowrdy a@ie not, The technological alicrnatives wie in general
nune st pleforward, oo angenahde o disedd applivation,
andd Jese kel 1o fndnes majn socnal anet coonamie sides
cffecis. The nomstechuologival aicinain s are more difficult
to cffeci and imolve mene siwial dislocution and poibly
wnpleasamt svide-cflects. Technolovlcal abiernatives  clearly
shoald scceive highest privvity, 1f they ase able 1o sulve the
problem, uo fucber action iv necessasy, Hothey are not ably
t solve the veldculan aie pollution probiem, and the problem
reliding seaons, then somme of the selatlvely moe atiactive
non-tecelugical alternaiiv ey may be justified.




to indicate approximate cvaluations or rankings of
the aiternatives, and to pomt out arcas wWhere new
cfforts might be fruitful,

The section consists of four parts. which cover 11}
palicles to reduce the leve! of sothity that leads (o
poliutlon, (2) policles te reduce the amount of pol
lation cmitted per "undt™ of activity. (3) policies v
reduce the impact of pollutants that arc emitted. and
(41 possible impacts of sarious policies on certiin
disadvantaged groups and the national ceonomy.

Alternatives To Reduce The Level Of Polluting
Activities

In designing approaches to reduce the level of pol-
luting activity, one must take into account

(a) The kind of activity to be reduced.

(b) Where one wishes to have #t reduced. and

(<) When one wishes to have it reduced.

To heep costn® as low as possible, control policies
should be as specific us possible, One should not, for
example, decide to reduce atl mutor vehicle travel at
all times in all parts of a metropolis without fiest
determining whether reducing acceleration and de-
celeration during summer morning hours downtown
might achieve nearly the same reduction in pollu-
tion effccts with, possibly, much less dislocation and
cost.

Qne might, thus, reduce the level of pollwting
activity by

(a) Reducing the total amount of urban trans-
portation, .

{b} Reducing the total amount of motor «ehicle
travel throughout a metropolitan arca

(c) Shifing some of the demand for motor vehi-
cle travel 1o less polluting modes of transpartation.

(d) Reducing total motor vehicle travel in
severely affected areas

(¢) Reducing all motor schicle teavel in affected
arcas at affected times,

(f) Reducing the extent of motor vehicle travel in
especially polluting aspects of driving (with possible
further qualification to specific arcas and or tines)

(g) Reducing travel by more highly polluting
vehicles.

Reducing The Total Amoesunt Of Urbay
Transporiation

There are basically two ways to reduce the total

amount of urban transportation: to reduce the de-

“uclading  thove stemming from wdvorse oflecty of
reduced aciivity levels.
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mand and or to restrict the supply. Ta reduce the
demand, two main approaches hinve been proposed.
The fist is to redesign sections of metropolitan arcas
to reduce need and demand fur transpartation, and
tu su design new arcas. The second is to substitute
communications services for ditect transportation,
The following paragraphs discuss cach of these, in
.

The lengths and freguencies of trips in a mietro-
politan area are functions of its structure as well as
of its transport systent and secio-cconomic chirac-
teristics. The relationships of homes to jobs, and to
shopping, cultural, educational, and recreational fa-
cilitics strongly influence the over-all amount of
metropolitan travel. It has thus been suggested that
the totat demand for transportation might be reduced
if one could

(i) Provide better spatial integration of residences
and offices in communitics, to reduce the home-work
place separation. At one extreme. this could involve
recreating villages or villuge-like environments that
would be relatively sclf-contained. Althougl, such
environments might be attractive to some, they would
very likely reduce the range of choices in jobs, social
contacts, ete. available to metropolitan residents and
thus o away with a lot of the advuantages now
found in city living. A more moderate version of the
same proposal might involve revising zoning prac-
tices {o permit greater intermiixing of residences and
oftices throughout metropolitan arcas. This version
entails less radical change than the other, but still
sulfers from lack of leverage on the part of planners
and the incrtiv of the current context.* Evidence
suggests, too, that the few new “mised™ communitics
of this type built thus far have not reduced irzaspor-
tution significandy. People who have bought the
houses have continued to work elsewhere, and most
of those who have come to work in the communities
have continued to live elsewhere even though so
doing has often cntailed tong commuting,

(ii}) Substitute elevator for ground transport by
judicious use of tall buildings. Tall buildings abet
urban concentration, which has becn both strongly
supported and strongly adacked in the last few
decades. To oversimplify the opposing arguments, a
few tall buildings do not make a city, too many ton
near cuch other may cause enorpous congestion
(and parking problems). and too much emiployment
density may fead back to the work-residence separa-
tion (i) was designed to solve. New York has many

*Sce payes 120-122,
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tall buildings. yet has--considering its weather—a
vehicular pollution problem as severe as that in Los
Angeles (which has fewer tall buildings, spread over
a larger arca}. Careful study of particular arcas will
be needed to show whit the net effect of tall buitd-
ngs are likely to e,

(iil) Redesign Federal regulations and financial
provedures Lo encourdge developnints containing
homes, apartments, and jobs, to minimize the numbey
of new “bedroom” communitics miles away from
places of employment.

{iv) Rebuild urban rencwal areus and post-riot
arcas in ways that minimisze the need for transpurta-
tion. With carcful analysis and design taking into
aceount the items mentioned in (i), these steps might
eventually have the hinds of effects desired. Yet they
are inherently very long-term measures and inher-
ently limited by the scale of the new arcas. More-
over, the transportation demand affected by (iii) is
likely to be reduced (if at all) in arcas where pollu-
tion is not now scrious.

The substitution of communications services for
dircet transportation has been a popular theme in
projections for the future.® It has been forecast that
phonovision. closed-circuit television, facsimile trans-
mission, remote computer operation. and devices yet
unforeseen will make travelling all but obsolete. Yet
evidence thus far suggests that transportation and
communications reinforce cach other: the better the
communication the more transportation, and vice
versa. Communications make available wider ranges
of contacts and opportunitics, and make it casier to
maintain those contacts—-which, in turn, gencrate
travel. Better communications abo facilitate some
kinds of spatial decentralization.** which do not
scein to decrease the need for transportation,

Further, it is possible that even if substitution of
comniunication were to remove the aced for com-
muting and shopping travel, the time freed might be
allocated o other actvities (¢, educational, social,
recreational) that demand transportation. in such
instances, no net reduction of transportition demand
might resuit. There appear to be many opportunitics
for substitution of communications for transporta-
tion, and vice versa, but they appear to be found in
a context where there is much higher utilization
of both.

Policivs proposed to restrict the total supply of

eNec, e, A, C. Clarke, Profiles of the Futee, Huarper &
Ruw, New Yark, 1963, Chapter 16,
SReferenve 1N, pp, 15417,

transportation generally rely on regulation. Proposed
repulations include {a) automobile production yuo-
tax, (b)) deliberately slowed programs of road im-
provement and construction, (¢) gasoline production
artd or sales guotas, (d) travel permits, and (e}
regulations finsiting bus, truck, and airplane use. Ali
of these entail signiticant soeial costs. And, as pol-
tution controb measures atl are tou gross and tov
encompassing to be truly effcctive.

Fven if tomal trunsportation were to be reduced.
the remaining transportation might well e reallo-
cated primarity o poltution-affected areas. In com-
penisating for the restricted total supply. transporters
and travellers might concentrate the remaining sup-
ply in the areas where it yielded the most return,
ereating severe pollution problems in these areas or
aggravating problems that already exist.

Reducing Vhe Tutal Amount Of Metropolitan
Motur Vebicle Traiel

Basically, there are three ways (o reduce the total
amount of metropolitan motor vehicle travel: regula-
tion, pricing, and shifting demaund to other transport
modes. The last is covered in the next section,

Regulation might involve (a) fuel rationing, using
any of a graded spectrum of schemes, (b) limited
registration of second and third cars (based on
“evidence of nced™) in the metropolitan arca, (¢)
extremely tight enforcement of traftic laws, (d)
motor vehicle travel permits (ie., rationed travel),
ctc.

Pricing might involve (a) substantially increasing
fuel taxes throughout the metropolitan area and its
cnvirons and ¢h) substantially increasing vehicle
registration and operator’s license fees throughout
the arca, to reflect the cost of air pollution in the ex-
pense of automobile operation. In conjunction with
(¢) above, it might wlso include increasing fines for
tratlic violations.

The regulutions impose important social costs and
interfere with citizens' “right of mobility.” Rationing
of fucl, vehicles, and trave! itself has been attempted
in wartime to force reallocation of resources away
from consumiers to war production and use, Even in
national emergencics with much public cooperation.
such rationing has distorted resource allocation and
created social discontent. Without obvious scarcities
or emergencics W justify such measures, one would
find them extremely unpopular, very ditticult to ad-
minister, and cagerly subverted. Their possible cffects
on the metropolitan economy would be more uifhi-
cult to gauge, but would probably not be good.
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The pricing schemes tamgr less with normal eco-
nomic and social functions but may lead o misallo-
cation and maldistribution of resources  without
successfully redncing pollution. The schemes, for ex-
ample, are all cconomically regressive. They thus
affect most those with lower incomes, who own fewer
vehicles and Jrive those they do own less than the
overadl average.

Like the schemes in the previous section, these are
too blumt to reduce poltution efficiently, and are
broad enough to result in adverse social costs and
distributional effects.

Shifting Demand To Less-Polluting Modes Of
Transportation
Electric Vehicles

As the Subpanel on Fnergy Storage and Conver-
sion Systems hus shown, electric cars need be con-
sidered for pollution-reduction only over the long-
term, They are not expected to have any signiticant
impact until at lcast 1980, Estimating possible de-
mand for electric vehicles then is difficult bucause long
development and testing is needed before it will even
be clear whether any will find use on the roads two
decades hence. And. if the new cars are truly as
different and new as their most cnthusiastic advo-
cates claim, they will radically change the relation-
ships between existing trunsportation modes and tend
to create their own specialized markets,

Even ordinary projections for 1980-1990 run into
sevious problems. But about the curs for which 1980-
1990 demand is now being estimated we do not
know: technology. performunce, costs {initial or op-
crating), role. or legal status vis-a-vis internal com-
bustion cngine automobiles. We also have no good
idea what concurrent developments in the internsl
combustion enginc, mass transit, and dual-mode sys-
tems will have taken place by 1980 or 1990. Not
surprisingly, therefore. estimates of demand for ¢lee-
tric cars range widcly.

Some pessimists predict that only o curious, ven-
turesome, and “stylish™ few will ever want 1o drive
electric cars,

The Gallup Poll* asked a cross-section of adults:
Here is a guestion about an clectric automobile.
First, let me tell you a little about it. and then
1 would like to get your opinions on it . . .
The car would be used for travelling about town
—that is. for shopping and the like, It would
have a top speed of about 40 miles per hour

*The Gallup Report, Amcican Imsntnte of Public Opin-
ion, Princeion, N. L, Jan. 7. 1v6l.
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and would ge about 150 miles before the bat-
teries would have o be recharged, which could
te done at home. The car would be small and
casy to park and would sell for about $2,000.
Do you think you would be interested in buying
such a car?
OF the cross-section, 185 said they would be defi-
nitely interested; according to the Poll. this response
transtates nationally into approximately 10 mitlion
familics.

Three reasons for interest in clectric automobiles
were ciled most often: Econoiny, air poliulion, and
case of handling. The citation of cconomy i: interest.
ing in that Zwick* cluims that cconomy (ininimum
cost) has become less important in determining
transportation demand as incomes have increased,
and in that American automobile manufacturers
scem to have ceased stressing economy in their ad-
vertising.  Furthermore, there is no real indication
that an clectric car with the stated performance can
be sold for $2,000 in the ncar future,

To see a fortiori whether the advent of electric
vehicles might lead to electrical power shortages, the
Federal Power Commission  used a very liberal ad
hoc estimate of electric vehicle market potential: all
svcord, third, ete. family passenger cars plus 20 per-
cent of the passenger cars owned by all governments,
Army personnel residing on base. individuals living
in institutions, and cars ownced by businesses. With this
liberal cstimate, they projected 35 million electric
cars by 1985, at which timc they also projected 85
million internal combustion engine cars—or a few
more than the current number,

At the upper end of the spectrum are some ex-
ceedingly optimistic estimates by advocates of electric
cars. These vary, but wvsually runge from $0% to
90%¢ of the total automobhile market by 1990,

Mass Transportation

Possibilities for shifting demand from motor vehi-
¢les to mass transportation are examined in detail in
Appendix 3. The following points may provide addi-
tional perspective:

Muass transportation must be effective at the mar-
gin if it is to be effective at all in reducing pollution.
It might ke effective, for example, il it were to dis-
courage additional onc-car familics from becoming
two-or-more-car fa vilics. Rtmight be effective if it
were to remain sufticiently attractive and convenient
to heep the passengers it now has. And it might be

CC L Lwick, “The Demand for Trunspociation Servives
moa Growing Econon:: "RAND Corporation paper P.268),
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effeciive if its diversion of demand were to be suffi-
cient 1o reduce peak-hour congestion in some areas
and thus reduce the pollution caused hy vehicles
operating in highly ineflicient driving modes.

Mass transportation as now conccived is not likely
to be able to do much more. No matier how success-
ful mass rransportation is, it will not handie poods,
which will continue to be carricd mostly hy truck.
And, perhaps more impoitant, mass tra - portation,
even where it is expanding, is not the only form of
trangportazivn being buill. New highways and high-
way improveincats are Uiderway or platned in many
arcas, and no cessation of road construction or im-
provemen? appears likely.

In mary urban arcas, mass transportation now
carries an importaut fraction of people commuting to
dewntown. The guestion of interest for air poliution,
however, is how many of those not now using mass
transportation can be induced or persuaded to shifi.
For most urban arcas, this number appears to be
small, relative to the total number of people driving
motor vehicles in the arca for one reason or another.

With regard to the new San Francisco Bay Arca
Rapid Transit system. for example. the AAAS Com-
mission on Air Conservation found:* “Roughly
16C,000 automobile wrips per day are to be diverted
to rapid transit. From the viewpoint of coping with
traffic and congestion at the hours of most intensive
demand, rapid transportation could make an im-
pariant contribution. From the viewpoint of air pol-
lution control, however, the transit solution, even if
it mects the expectations of the Transit District, is
only a minor portivn of the whole. There arc now
[1965] about 4 million daily trips in the three-
county arca. 7 million in the entirc Bay Region,
These figures [are expected to] rise to 5.2 million
and to 11 million, respectively, by 1975, The Transit
District cstimate that it would carry 258,600 trips
per day means that it would absorb only about §
percent of the passenger travel (in trips, not miles)
in the three-county arca, and 2.5 percent in the entire
Bay Region.”

The development of entirely new systemis of mass
transportation, on the other hand, might drastically
change use of public transport. Studies now under-
way by the Federal Government might provide clues
to this question as carly as next spring. The impact
of such micasures, however, is not likely to be felt in
tess than a decade.

*Reference 5, p. 300,

Reducing Motor Vebicle Travel In Affec -1 Areas

There are three basic wa>« of reducing motor :chi-
cle travel in atfected areas: repulution, pricing. and
shifting demun:’ t other 1 -odes.

Regulations 1. @ been proposed includ:

{a) Bann - ulating the usc of internal
combustion « viadeles in affected arees (pos-
sibly only at car. nes).

(b) Restricting  fic access to major arteries,
bridges. tunnels, cte. . -ading into affected areas { pos-
sibly only at certain times).

(¢) Reducing the number of parking spuces avail-
able for all-day or long-term parking in affected
areas,

Pricing policies that have bzen proposed incluace

(d) Instituting graduated, variable tolls on major
arterics, bridges, tunnels, ¢ ¢, leading into affected
arcas. Such tolls could bc  Jjusted *o help control
traflic patterns and reduce traffic into affected arcas
at sclected times.

(c) Substantially incrcsing long-term  parking
charges in areas used by commuters, while keeping
charges refatively low for short-term (less than 4
hours) parking to c¢ncovrage shopping, social, cul-
tural, and recreational activities.

(f) Indircctly achieving (¢) through selective tax-
ation and legislation.

(g)}Instituting vehicle use taxes (similar o wage
taxes), t¢ be collected from those who use vehicles
regularly in affected areas.

Policies for shifting demand to other modes in-
clude

(h) Improving public transportation in affected
arcas

{i) Making non-polluting vchicles available for
mexpensive rental, in conjunction with one or more
of (1) through (g).

{j) Making parking spaces more available for ali-
day parking ncar collection points for non-polluting
madcs of transportation (" Park-and-ride"}.

(k) Improving taxi availability and service, in
conjunction with (h) and (j).

The regulations restrict mobility and may reduce
pollution at the expense of reducing the activities that
attract people into affected arcas. Good analysis and
study would be nceded to assess the regulations®
impact,

The pricing policies have attractive aspects, but
have the mujor disadvantages of being somewhat
regressive and of working only indirectly to reduce
pollution. Reduced motor vehicle travel in alfected
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areas no doubt lcads to reduced pollution; how nuch
reduction is attuinable can be determined only
through carcful experimentation and analysis. Re-
duced travel also may lead to significant social costs
that must be weighed against the pollution gains
(althcugh in some areas slightly reduced travel at
certuin times might reduce congestion enough to be
soctally baneficial},

Shifting demard to less polluting modes is dis-
cussed above and in Appendix 3,

Reducing The Extent Of Driving In Inefficieni
Modes

There are basically two ways of reducing the
amount of driving in inefficient, highly polluting
modcs: introducing new vehicle configurations and
concepts and iinproving traffic flow.

The former reduces incfficient driving by sub-
stituting non- or low-polluting power sources for the
internal combustion engine. The main new vehicle
configurations and concepts proposed are

(2) Combination of car or truck powercd by in-
ternal combustion engine with auxiliary transport
system to reduce mileage driven—c.g., piggyback,
nioving pallet, road-rail system.

(b) Combination of short-range electric vehicle
with long-range transport system—c.g., piggyback,
“third-rail,” electronic highways, “Urbmobile.”

Improving traffic flow helps reduce pollution be-
cause vchicular pollution is created at a rate approxi-
mately inversely proportional to speed. An increase
in speed from 20 to 30 miles per hour yiclds about
a onc-third reduction in pollutants, while a change
from 20 to 40 miles per hour brings about a two-fold
reduction.™ There is considerable room for improve-
ment: Trafiic on Manhattan strects during rush hour
moves at an average speed of 82 miles per hour,
and on the approach cxpressways to Manhattan,
speeds are as low as 13 miles per hour.***

The two basic approaches to improving traffic flow
are

(a) reducing traflic levels. Some ways arc stag-
gering working hours and encouraging a greater
number of persons per individual vehicle.

(b) improving traftic flow at given lcvels of traffic.
Some ways include better traffic control, new cx-
pressways, redesigned intersections and traffic bottle-
necks, automatic control devices to govern individual
vehicles (automated highway), better system label-
ling.

For suitable types of expressways and highway
facilitics, controlling vehicie entry at access points
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may prevent shock waves and capacity reductions,
which in turn lead to increased delays and lowered
speeds.* Extending urban cxpressway systems would
tend to help reduce driving in incfficient modes by
providing facilities that permit higher performance
and vechicle speeds than would otherwise be pos-
sible, **

1n uddition, catending expressway systems would
cnhance driving conditions for travelers using the
more congested focal city streets. Much of the traffic
now using downtown or central business district
streets is made up of travelers who are moving
through rather than to or from the downlown area.
This through traffic leads to congestion and very low
truvel specds for both the through traffic and the
local traffic. The through traffic is estimated to range
from 3G to 75 percent of the total traffic volume on
downtown strects. Consequently, improved travel
conditions and improved speeds might stem from
the construction of highway facilities designed and
{ocated to divert through traflic from local downtown
strects.* ¥ *

Expressway construction is so expensive and takes
so long (from inception to completion) that it must
b- justificd on grounds other than air pollution. Its
valuc for reducing pollution also depends, as does
the value of the other alternatives in this subsection.
on motor vehicle emission characteristics remaining
so dependent on average travel speed. If engine
modifications were to make emissions relatively inde-
pendent of the mode of driving, the alternatives in
this subsection would have little effect on vehicular
pollution.

Reducing Travel By More Highly Polluting V ebicles

Some vehicles emit more pollutants than others.
One might thus reduce average emissions per vehicle
by reducing the proportion of travel done by more
highly polluting vehicles. Policies proposed for ac-
complishing this include

(a) Imposing taxes or “polluting fecs” related to
emissions. Emissions might either be measurzd once
a given period in an inspection procedure or be
monitored continuously by a pollution meter in each
vehicle, Taxes or fees might then be levied on a
graduated scale that reficcted the relative importance

*Riference 190, pp. 320-326.

**ihid., pp. 76.82

veojbid., pp. 85-87. See also Public Roads, 31, No. 4, pp.
92-93: Public Roads, 30, No. 9, p. 219,

Usually the percentage ranges vpward from 50 percent
for large ¢ tivs and is even higher during peak rush perivds.
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of the various pollutants and the amounts emitted.
Y This proccdure has won the praisc of cconomists be-
cause it is similar to normal pricing schemes and
s¢ems to be self-enforcing.* Its principal drawback
appears o be administratise complesity.

Problems arise mainly because of automobiles
mobility and “because of the great disparity between
the number of owners and the number of manufac-
[ turers. [ Automobiles'] mobility makes it difficult and
expensive to meter their use within a particular air
shed, A sceond complication results from the fact
that although a number of devices have heen sug-
gested, there is at present no inexpensive and reliable
method of metering automobile efflucnts that would
be suitable for routine use~for example, as part of an
annual inspection. Furthermore, since there are 70~
000,000 cars on the roads, but only a hardful of
manufacturers, the administrative cost of a scheme
that deals with manufacturers is Jikely to be much
less than the cost of a scheme that deals with
owners,"**

(b) Causing polluting vchicles to be operated
more cflicicntly, This might involve checking all cars
and trucks for combustion efficicncy, training me-
chanics betler to service and maintain poliution-
related systems, instituting pollution-inspection pro-
ccdures, with appropriate penaitics for those who fail
inspection, and or devclopiag and placing into opcra-
tion automated diagnostic centers that guickly, cffec-
tively, and incxpensively test the pollution-related
performance of all vehicles. These procedures appear
quite feasible and should be given serious considera-
tion.

{c) Instilling better driving habits to get more
people to follow more efficient driving cycles. Al-
though people geiierally follow what for them is an
“efficient” driving cycle, most drive in ways that
significantly incrcase emissions. Educating the public
to drive with less stop-and-go, fewer rapid starts,
ctc., might yicld emission reduction of up to several
percent (and increase fuel cconomy at the same
time). Yet, the sceming lack of success of “'safe
driving™ campaigns and of advertising campaigns
promoting economy runs, etc., makes a “cleaner air”
driving campaign seem hardly worthwhile.

(d) Having motor vehicle taxes increase with in-

*E, 5. Mills, “Economic Incentives in Air-Follution Con-
kel an M. Walogin (Ed.), The Economics of Air Pollition,
W.W. Norton & Co., Hew York 1566, p. 48.

**/bid., p. 48,

creasing vehicle age. The AAAS Alr Conservation
Conuaission stated the case as foljows: *
Motor vehicle taxes . . generally decline with the
age of the vehicle. They are, on the whole, too
low to have much effect cither way, but to the ex-
tent that they do have an cffect, they tend to retard
replaccment. Yet it is clearly the old “oll burners,”
with their plumes of blue smoke, that contribute
maore than their share to air pollution. Motor vehi-
cle taxces should at least remain fixed with age, and
preferably risc. thus forcing old cars off the roads
sooner. Although some old cars burn fuel more
complctely than some new ones, . . . statistically
age is highly corrclated with poor carburction,
Approximate, preliminary analysis indicates that
this tax scheme would affect mainly the disad-
vantaged and poor, who tend to own older cars, and
middle-income familics owning two or more cars.
In the first case, the taxes would be regressive and
would seem unlikely to achieve much of the desired
effect. In the sccond case, the increased tax might
stimulote carlier “trading in™ of old second cars but
would drive off the road primarily cars being used
far less than average,

(e) Encouraging use of rented or leased vehicles
or taxis, Rented or leased vehicles are usually newer
than typical individually owned vehicies, and are
often kept in better repair. Taxis are subject through
various licensing procedures to government regula-
tion. How to encourage people who do or might
drive highly polluting vehicles to rent or lease, or
use taxis, is not clcar, Study of this question might
be fruitful.

Altevanatives To Reduce Emissions

The reports of the subpanels on Current Auto-
motive Systems, Energy Storage and Conversion
Systems, and Automotive Encrgy Sources deol with
alternatives to reduce emissions, Wc will thus merely
outline these brieily,

There arc basically two approaches to emissions
control: preventing pollutants from forming and
preventing pollutants that are formed from entering
the atmosphoce. The general classes of alternatives
that embody s approaches ar»

(a) Devices added to slightly modified internal
combustion cngines

(b) Basic design changes in the internal combus-
tion engine, coupled with basic changes in the fuel

*Reference 5, p. 300,




(¢) New propulsion systems

(d) Hybrid sytems incorporating some of both
(b) and {c)

(c) Maintenance and improvement of (a) through
(d)

New propulsion systems that use elegirical cnergy
cntail additional poliution by power generating
plants. Power plunts using fossil fucls emit sulfur
oxides, particulates, and various other pollutants,
Nuclcar power plants create “thermal pollution™ *
and radiouctive wastes. The additionai amounts of
these pollutants anticipated at various levels of pos-
sible electric car usage are discussed in the Subpancl
Report on Automotive Energy Sources.

Becuuse of the large number of motor vehicles
affected, consumer ~osts and bencfits associated with
emission-reduction stecps may be large. For example,

¢ $10 per new car in the cost of pollution control

amounts to about $100,000,000 per year for
the car-buying public

¢ $1 per car for maintenance of emission-reduc-
tion systems after all cars are so cquipped
amounts to approximately $100,000,000 per
ycar for the car-owning public
1 cent per gallon in the cost of gasoline amounts
to about $600,000,000 per year for the car-
operating public

® a | percent change in gasoline ‘“‘milcage”

amounts to about $200,000,000 per year for the
car-operating public,
Reducing these costs or achicving these benefits
thus merits considerable investment.

Verifying emission-reduction, especially on older
vehicles, poses a serious problem. Although the new
vehicle population can be considered relatively
homogencous, the used vchicle population evidently
cannot, Even if a selected sample of older vehicles
appears to have ‘“satisfactory” emissions, on the
average, there will remain a sizeable likelihood®**
that average emissions for the total vehicle popula-
tion will be higher, Sampling procedures rarely ob-
1ain adequate samples from the worst maintained
parts of the population. And the “average™ driving
cyele used for testing samples is not likely to account
for emission variances caused by congestion (many

*See, ¢ 4., B. Davidson and R. W. Bradshaw, "Thermal
Pollution of Water Systems,” Environmental Svience and
Toechnology, 1. 618-630 (1967).

s Sratistically, there is a SO7T chance that the population
mean will exceed the sample mean, but only a 155 chance
that it will exceed it by more thun onve standard deviation.
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cars driving incfliciently st once) and the peak-hour
conditions that generate the worst pollution. Some
form of inspection for most or all cars is likely to be
needed.

Yet. in 1965, only 21 states had safety inspections
to which pollution inspection might possibly be
added. and only 3 of these (New Jerscy, Delawarc
and the District of Columbia) carricd out their
inspections with specially trained personnel, To in-
stitute emissions checks (at the current measurement
state-of-art) might require setting up a new national
system. Emissions inspection (although apparently
feasible) thus deserves close attention, The con-
comitant question of emissions measuring devices
also deserves high priority;, simple, inexpensive, re-
liable, and accurate devices could greatly simplify
the administrative problems of emission verification.

Alternatives to Reduce The Impact Of
Emitted Pollutants

There are basically two approaches to reducing
the impact of cmitted pollutants: reducing atmos-
pheric pollutant concentrations in areas where they
may affect pcople, property, or plants and reducing
the impact of the pollutants on the sensitive recep-
tors.

Policics proposed to reduce atmospheric concen-
trations include

(a) Reducing local concentrations by

(i) Enhancing local atmospheric transport, to
disperse pollutants—c.g., enhancing natural micro-
meteorological forces by shaping wind patterns

(building location and design, major topograph-

ical changes, such as building or levelling hills),

making best use of the winds available (highway
location and design), and reducing the extent of
construction (and forest denudation, etc.) favor-
able to stagnant conditions

{ii) Providing artificial convection

(iii) Preventing pollutants from accumulating
in local atmospheres, by “sweeping” with adsorb-
ents, molecular sieves, or reactive catalysts to
remove pollutants as they are formed.

The forces involved in (i) are not weli undersiood,
but the possibilitics appear auractive. Achieving (ii)
is likely to be inordinately expensive; the atmosphere
ordinarily tends to resist or overcome small-scale dis-
turbances, and c¢ven assuming atmospheric coopera-
tion the power and equipment costs involved are
enormous.  Allernative (iil) involves treating large
volumes of air, but may be very attractive and effec-
tive in places where air is aiready collected and
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pumped as, for example, at tunnel ventilators or
garage exhaust vents.

{b) Removing undesirable products from the gen-
cral atmosphere *

{1y Chemicaily—react pollutants to form carkon
dioxide and water or other less desirable com-
pounds.

(ii) Physically—swecp, scrub, or scavenge pol-
lutants from atmosphere. Enhance precipitation
of particulates,

(iii) Bivlogically—introduce pollution predators,
such as microbes or insccts.

(i) and (i) require contacting large volumes of
air with other substances. The power needed simply
to move the zir effectively is likely to be so expensive
that these alternatives will be most unattractive ex-
cept where the air is moved anyway, as in tunnel
ventilation,

The problem with (iii) is unccnlain ecology. It is
diflicult to predict what clse pollution predators
might find appetizing, or what cffccts they might have
on their surrounding biological system, (The *“‘cure”
may be worse than the problem.) It also may be
difficult to “train” predotors to feed only on unde-
sirable substances. Fragrances are due to trace
concentrations of complex chemicals not unlike some
of thosc that are considered to be pollutants, and
predators might find it difficult to tell the difference.
Further, it is difficult to anticipate what mutations
might occur and whether the mutations might
dominate, and it might be cxceedingly difficult to get
rid of the predators once they had finished their job.

(c) Blocking the formation of photochemical smog
by

(i) Interfering with the offcnding chemical reac-
tions by introducing inhibitors, removing catalytic
agents that favor the reaction, or enhancing more
desirable alternate paths,

(i) Reducing stagnation (i.e., dispersing the
key ingredicents). or introducing substanses that
sclectively absorb sunlight at especially important
wavelengths.

These alternatives are largely speculative. Not
cnough is known about the chemistry involved (o
cvaluate them scicntifically now.

(d) Reducing megalopolitan sprawl,

Through “downwind™ and cumulative effects,
filling in metropolitan arcas is believed to exacerbate

*Bui see dhe semsivivity of polluiaar concentration 1ok in

Appendix 2.

pollution.* Areas that once received relatively clean
air receive pollutants from new sources in filled-in
areas upwind, these new pollutants compound the
oldc: area's existing problems. And pollutants that
nnce were blown quickly out of the mcgalopolitan
convection cells arc belicved to stay much longer
when the megalopolis expands.

Controlling megalopolitan spraw! has proved diffi-
cult in the United States. Some European countries
(¢.g2., The Netherlands, Sweden) seem to have had
some success, albeit working on a much smaller
scale, but it has not proved possible thus far to trans-
plant thei. approaches into the American contexi.
Rescarch on controlling American “sprawl,” of in-
terest for many reasons besides poilution, would seem
to be worth pursuing, although bencfits from such
rescarch (if any) could not even begin to be felt for
several decades.

Policics proposcd to reduce poliutant impacts
include

(a) Locating major highways suvch that pollution
effects on surrounding neighborhocds are kept to a
minimum.

(b) Reducing the biological cfiects of atmospheric
pollutants on man by:

(i) Relocating pollutant sources relative to man
so that the cffective cxposure is less

(ii) Designing and distributing protective sys-
tems— e.g., gas masks, oxygen, anti-pollutant
inoculations

(iii) Making cffective diagnosis and treatuicat
of pollution cffects rcadily available

(iv) Developing a means for inducing tolerances
and immunitics to pollution effects

(i) is likely to become quite important, although
the design bases for it are ill-understood. (ii) may
becaome necessary for especially susceptible people
(i.e., heart paticnts, clderly people with respiratory
ailments) in high-pollution arcus, The nced for (iii)
and (iv), and the scicntific bases on which to develop
them, arc still unclear.

Impacts Of Pollution Control Pulicies

Recommendations of this Panel that would result
in siguificant reduction of air pollution are likely to
change the pricing, cost, performance characteristics,
and accessibility of the transportation system. These

*The crude model (Model 1) developed in Appendix 2
shows average pollitant concentration increasing with in-
creasing urbun  dimensions, Sce also Reference 5, pp.
296-298.
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changes could result in significunt net costs or bene-
fits to society.

The first part of this section concerns the impact
of pollution control measures on the disadvuntaged
and poor, It is included beeause poliution control
policies are likely to affect these groups. and because
these effects are casily overlooked, The sccond part
of this scction deals with possible impacts of alter-
native approaches on the national cconomy.

impacts On The Disadvantaged And Poor

The poor and disadvantuged (c.g., the old, the
young, and the physically disabled) form an in-
creusingly conspicuous proportion of the American
population, As purt of the public they share the ill
cffects of vehicular pollution and will share the
benefits of its eventual reduction. Yet, because of
their disadvantages and poverty, thesc groups have
diffcrent perspectives and  feel  different  impacts
than the more advantaged segments of the popula-
tien,

Although the disudvantaged and poor suffer from
air polution, they suffer more from other things.
They may value poliution reduction, but they are
likely to value more reduction of the disadvantages
and poverty that set them apart. Even if pollution
reduction is considered solely a form of health carc,
from which these groups bencfit at least as much as
the rest of the population,* it is not likely to be one
of the forms of health care thesc groups would most
prefer. They may prefer that their money (and cvery-
one elsc’s, in which they share) be spent on health
measurcs that benefit them directly, immediately,
and conspicuously, They generally are not now able
to obtain health care as good as that available to the
more advantaged. Thus, forms of carc the advan-
taged may take for granted may rank far higher for
these groups than the “J-xury” of reduccd pollution.

Morcover, as we have pointed out above, many
policies proposed for pollution control might aflect
taxcs or prices in an cconomically regressive manner,
or restrict mobility, Others might add financial
burden to that already :mherent in owning a car.
Still others might make operating older, more poorly
maintained vehicles more difficult. Although all of
these policics would affect large numbers of peopie.
they might affect the disadvantaged and poor out of
proportion to their numbers and 1o the burden they
cquitably can bear,

“Because of their largely urban orientation, thesc graups
may benefit proportionately more.
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To travel to work, piny, shap, or obtain services,
except when these are within a few blocks, most
Americans tend to use cars or public trassit. How-
cver, many Amcricans cannot {cr at least prefer not
to} obtain curs. They must, therefore, cither forego
tripmaking, or walk, bicycle, or depend upon public
tramsit which, in most places. meets their needs less
and less adequately.

A distinetive Characteristic of post-World War i
America has been the location of most new ¢mploy-
ment opportunitics farther and farther away from
city cores where most of the urban poor live. In the
past, the manufacturing, retailing and  wholesaling
firms which provided work for lower income persons
were also in these cores. Since the 1940s, there has
been a steady decentratization of these activitics,
although a centralization of others. A rccent Burcau
of Labor Statistics study shows that from 1960 to
1965, for cxample, 62 pereent of tine new industrial
and §2 pereent of the commerical construction oc-
curred in the suburbs, (In gencral, while a large
relative decrcasc in total central cily employment
hus been experienced, absolute employment levels
huve usually declined little, if at all)

Between one-fourth and onc-half of the urban
poor (and a higher proportion of the disadvantaged),
varying with arcas, income levels and other reasons,
do not own or have use of cars. Cars owned by many
of the others arc usually older, more poorly main-
tainced and thercfore less dependuble for transporta-
tion to work than cars operated by more advantaged
Amcricans,

Any anti-pollution measure which increases the
cost or difficulty of maintaining a car incvitably
touches the dJisadvantaged and poor first, thercby
further reducing the number of those who have
access to autos,

Resorting to public transportation, the poor and
disadvantaged without cars often encounter a dis-
couraging situation. Industrics and other work places
located in suburbs and at the urban fringes are
usually poorly served by mass transportation. if sciv-
ice is provided at all, the rider may have 1o take a
complicated route involving scveral transfers, long
cravel and high fares, Mass transport lines and routes
are designed principally to transport central city com-
muters to downtown and back home again. Mass
trunsportation’s adaption to a different pattern of
service needs has been slow, and indeed, may not be
possible without public subsidics, changes in the way
urban transportation systems operate, or new kinds
of technology. The reason for this is that the scatter-
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ing of work places In a widely dispersed pattern pre-
vents the generation of large volumes of passcrigers
going from one paint to another which are necessacy
to support it,

Because, in addition, the disadvantaged are fre-
quently unable to drive, pollution contrel measures
that weaken mass transportation’s already fragile
position muy tend to harm the disadvantaged and
puor, Measures that cxpand and strengthen mudss
transportation, particularly its capacily to scrve non-
sadisl and random travel desircs, may, on the other
hand, be beneficial. (Making taxis cheaper and more
available, for example, might greatly benefit the uped
and handicapped )

Mecasures that increase motor vehicles' initial cost
might worsen the situations of the disadvantaged and
poor unless improved firancing arrangements could
be developed to assist with the purchase. Even better
financing might not help, since onc difficulty these
groups often face is qualitying for loans and main-
wining payments, especially where high interest
charges accompany them. On the other hand, meas-
ures that reduced operating costs and maintenance
requirements would be likely to benefit these groups
greatly. Since they usually purchase uscd rather than
new vehicles, maintenance and operaling costs figure
prominently in determining whether they can con-
tinue to use them.

Measurcs that increase the complexity of travslling
(such as intricate regulations, restricted mobility,
and fragmented mass transportation) might dispro-
portionately affect the poor and disadvantaged, who
often find travelling difficult now. They are likely
to be less able than the mors advantaged to cope
effectively with measures that require “knowing
the system” and are more likely to be defeated or
frustrated by policics intended to limit, but not clim-
inate, pollution-causing travel,

Distributional cffects stemming from pollution
contro} policies thus may be quite important. The dis-
advantaged and poor lack capacity to absorb changes
casily. And some of the changes to controf pollution
may fall on them disproportionately. While the
effects produced may not be sufficient causc to dis-
card the policics, they point up a necessity to con-
strain the policies, and to consider related actions
that can ameliorate those conscquences deemed
harmful or undesirable.

Impact On The National Economy

Pallution contro! affects not only the transporta-
tion system but also products—automobiles, trucks

and motor fuel-that necount for 2 large part of the
Americun gross national product, Major changes re-
sulting from pollution comtrol measures, therefore,
could have large impacts on the nationa! economy.

If, to choose an extreme cxample, electric vehicles
were to predominate some decades hence, vast
amounts of petrolcum now used to make gasoline
would have to be cunverted into other products o
be left unrclined or underground. Scrvice stations
wuuld have to be converted to handle the new vehi-
cles and their particular fequirements, Electrical dis-
tribution nctworks would have to be cxtended and
expanded in heavily populated uress to perasit the
distribution and usc of recharging outlets, Batterics
or fuel cells (or other energy conversion devices)
would have to be designed to minimize the use
and, or fucilitate the recovery of scarce or precious
materials,

Less extreme, indeed quite foresecable, is the
removal of lead alkyls from gasoline. The impact of
this step. assuming no sccommodating changes in
engine design, has been explored in a recent paper
by Lawson, Moore, and Ratner.'”> Because the im-
puct they present has unattractive features, notably
considcrable cxpense und a possible shortage of
plutinum, it may be nccessary for automobile and
oil companics to coopcrate in adapting to any re-
moval of lead. In this regard, as well as others, the
joint cfforts of Ford Motor Company, Mobil Qil
Corporation, Atlantic-Richfield Compuny, Marathon
Oil Company, Standard Oil Compuny (Ohio), Sun
Oil Company, and Standard Qil Company (Indiana),
and Chrysler Corpurition and Standard Oil Com-
pany (New Jersey), on poliution contro! appear to be
very desirable,

Vehicle and fucl moedifications to combat pollution
might also have significant side benefits for safety.
The opportunitics prescnted by basic engine changes
should be used also for changes related to safety.
And fucl changes to control evaporation may also
help reduce the threat of fire and explosion in auto-
mobile accidents. (Conversion to non-gasoline
powered vehicles would reduce fire losses even
more.) It is difficult to assign dollar value to im-
proved safety * and reduced fire hazard, but both
could be quite important to the national economy.

UNCERTAINTIES
This section examines uncertainties and explores

*For an inftiel atiewmpt, see “Applivation of Benefit-Cont
Aunalvsis to Muoor Vehicle Accidents,” U, §. Depariment of
FHealth, Education and Welfare, Office of Assistant Secretary
for Program Coordinution, August 19686,
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their possible impacts and policy implications. It
contains three subsections, which cover (1) major
uncertaintics and their implications, () mdditional
problems for research, and (3) system experimenta-
tion,

Majr Uncoriaisiles And Thelr Implicaiions

Uncertaiaty, or lack of perfect knowledge, detives
from four mujor sources;

a. From imperfect ability to predict the future
(e.g. uncertainty about future political or strategic
contexts, or about future technological state-of-ant),

b. From imperfect ability to predict people’s
actions or reactions (v.g., uncertainty about com-
petiturs, opponents, potential custotacia);

c. From lack of time, money, or effort needed to
obtuin information about planning factors (c.g.. un-
certainty about the biological effects of nitrogen
oxides);

d. From chancc or random clements arising from
complexitics beyond current understanding or con-
trol.

Uncertainties of types (a) and (b) can never be
resolved completely, except by the passage of time.
Uncertaintics of type (c) can be partially tosolved by
sufficient time, money, and cffort, but perfect resolu-
tion would be cither infinitely expensive or take in-
finite time. Uncertaintics of type (d) can be treated
with the mathematical tools for stochastic processes
(i.c., processes governcd by chance or probabilistic
laws), although fulf treatment is often very difficult.

Uncertaintics that cause the most trouble in pollu-
tion control are of types (a). (b), and (c). These, and
some of type (d), adversely affect our ubility to set
long-term standards or select long-term pollution-
control strategics.

Some of these major uncertainties and their im-
plication are:

(1) Blological and medical effects of pollutants—
especially effects of long-term exposures (o relatively
low concentrations (i.e,, chronic or cumulative
cefects),

Many of the constitucnts of automobile cxhaust
—carbon monoxide, nitrogen oxides, lead-compound
acrosols—are well known industrial hazards. Toxicity
standurds for industrial cxposure have been estab-
lished for many of them, and progressive companics
whose employees contact these chemicals insist upon
safety controls and medical monitoring. Knowledge
of the effects of moderate-to-low concentrations,
especially those which persist for long periods of
time, however, is gencrally unavailable,
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In recent testimony before Congress, HEW
Scerctary John Gardner stated that health authorities
are greatly “concerned taday with the slow, Insldious
cffccts on human Jungs of air pollution levets which
are {low] but continued cvery day and year alter
year. That air poHution does indeed increase the
prevalence or severity of chronic respiratory diseases
has been stated with more and more certainty by
outstanding authorities,” * But considerable uncer-
tainty remains, and far morc informastion is needed

Implicatons: If chronic or cumulative cffects re-
witing from prolonged oF repiated exposure o rel-
atively low voncentrations of pollutanis are im-
portant, cven if only for certain segments of the
populition (¢.g.. young children, pregnant women,
viderly people), then pollution standards (for ap-
propriate substances) may have (o be exceedingly
stringent. Such stringent standards might necessitate
poliution-control measures beyond any now enavi-
sioned, or might necessitate scrious efforts to develop
essentiolly pollution-free vehicles that could be sub-
stituted for internal combustion engine vars in arcas
where pollution is especially severe (e.g., centers of
metropolitan arcas, junctions of megalopolitan at-
mospheric convection cells).

{2) Micrometeorology —the local atmospheric trans-
port that determines the relations between automobile
emissions und local pollutant concentrations.**

Knowledge of small-scale atmospheric convection
and diffusion, and of the processes that govern them.
is critical in relating automobile emission standards
to the biologicul, physical, and chemical effects of
pollutants, Where pollutants are rapidly dispersed,
higher emissions ¢an be tolerated; conversely, where
local air is stagnunt. so that pollutants collect, only
very low emission can be accepted,

Implications: Certain sjrects, arcas, and times of
day are more susceptible than others to severe at-
mospheric poliution. Traffic control taking pollution
into account thus may be able o reduce the incidence
of intolerable concentrations, Similarly, certain build-
ing patterns and cxpressway designs and focations
may lead to greater pollution—cither on the express-
way or in immediately adjacent arcas—than others
which usc or cnhance favorable micrometcorology.
Since cxpressways and reorganizations of streets,
buildings and topogruphical features, tend to re-
sult in expensive and semi-permanent changes to

*Reference 280, p. M.
“SAMercarolugist often prefer 1o call this level of transporr
“mesvscale.”
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metropolitan areas, care should be taken to onsure
that pollution incidenee v not increased, tmproper
design (which cunnot now be adequately recognized)
may offxet o considerable part of the pollution reduc-
tion gained from automobile cngine maditication,

Concomitantly, emission standards (notably at fow
Levels) will be difficult o sct and onforee withowt
betier undersianding of relevant micrometeaivlogical
PROCCSMCS.

(3} Ullimaie lmits tor internal combustion engline
potintion coatrut

Understandably, ultimate emisslon tevels for the dn-
ternat combustion englne are not now krown, Neither
is (with any high degrce of certainty) the specific
technology or technologies that will be needed to at-
tain “ultimate” levels; current approaches may not
be adequate.

{s0 not known are the “ultimate™ levels thut must
be attained--because of the uncertuintics concerning
bielogical, acsthetic, and physical effects of pollut-
ants, and the uncertaintics of relating exhaust con-
centrations to concentrativns in the air.

Tmsplications: Cost und time projections refated
to the development of new technologics are notor-
iously poor, Thus, what now uppears to be the
optimal course to contro! motor vehicle air pollution
may, with time, appuar fur less attractive than a host
of altcrnatives, Particulurly when the new technology
sought is constrained to fit into a preconceived or
predetermined complex system, cost and time esti-
mates projected a decade ahead tend to be, almost
without exception, highly optimistic.

Also, “ultimatc™ limits, once attained, muy prove
too high for some pollutunts under some conditions.
Dispersion of metropolitan arcas, combined with in-
creasing demund for automotive travel (increasing
numbers of uutomobiles and increasing numbers of
metro-miles driven per automobile per year), may
offset much of the engineering reduction in pollutant
emissions. Cumulative cxposure may heighten pollut-
ant sensitivities in certain individuals. And, when
combined with locally unfavoruble metcorology. the
emission levels may simply be too high according
to the pollution standards then in cffect.

(4) Lifetime rellability and performance of current
(and projected) pollutioncomtrol devices

The relinbility and performance of pollution-con-
trol vs, time has not been demonstrated adequately.
If currently approved devices, and their deseendants,
deteriorate sigmificantly, cffective pollution control
may be only a fraction of that now cstimated.

Implicstions: To monitor deteriorution and to in-
sure effective pullution control, some form of testing
ot Inspection—cither of all cars or of meaninglui
samples --will be necessury. Thus, quick, inexpensive,
and reliable measuring teste and devices will be
essentiol; current tests and deviees, although better
than their predesessors, are still inadeqguate for laege-
wale application, Also. to emsure cffective com-
pliunce with Federal and State laws relating to motor
vetilele awir pollution, inspection systems and proce-
dures, and methods of funding. will be needed. Unless
advanced methods (e.g., contiuous monitoring de-
vices on cach cir, certiticd and tamper-prool, that
cun be read quickly) are developed, such inspection
systems muy require cxtensive, cxpensive series of
stations with trained inspectors and complicated
cquipment,

(5) Suitability criteria—limits of acceptable perfor-
mance and design characteristics,

Predicting what the public will or will not accept
or buy is difticult and perilous, as any venturcsome
company knows. Studies of ‘'requircments™ usually
extrapolate what now c¢xists, and surveys usually
show that people with money and good judgment
want to buy the best of what is available, Unconven-
tional vehicles using modern technology have not
been made available to the public, so that conclu-
sions about marketability must remain speculative.

Implications: Pollution-control policics based on
the assumption (often implicit) that the public will
accept only performance and design characteristics
very close to those now offered them are very prob-
ably over-conservative. Although large by some
measures, by other measures the menu of alterna-
tives currently offered the public is small. Thus, the
basis for judgment by extrapolation is small, and the
judgments so derived are open to scrious guestion.
Innovations need not only displace demand from
current alternatives: they can also induce demand
that did not exist before, as people find ways to use
the innovations’ special advantages. Hence, pollution-
control alternatives that involve departures from
current  performance and  dosign  characteristics
should not be ruled out u priori if they are attrac-
tive (at lcast potentially)) by pollution-reduction
criteria,

(6) Relations of transportation, particularly auto-
motive transportation, to the metropolitan “system.”

Diespite considerable analysis, the detailed rela-
tions hetween transportation--particularly automotive
transportation --and the rest of the metropolitan sys-
tem are still unclear. Although transportation clearly
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helped to furm the shape and character of American
metropolitan arens until very recenthy, it is not clear
whether transportation i «till a determining force or
whether it has become a “dependent variable™ re-
spoiiding to other forces. It is alwo not clear, for
example, what the cffect would he of greatly improsy-
ing traftic flow in “downtown"—whether the net in-
crease in averape specds (which woold fead ta o
reduction in puliution) wight be ofiset by a carres-
ponding invrease in traffic volume (attracted by the
lessened congestion ), and by a decrcase in the use
af pulidle trabvportalion Fhecsuse public (Fansporbae
tion would become camparatisely fesy desirable).

Implicstions: Because the system is so complex
and ill-understood, the net ctiects of changes cannot
be determined from paper studies. Experimenta-
tion is absolutely necessary, But to be useful, experi-
mentation must be carcfully planned and monitored
and the experimental results must be carefully cot-
lected and analyzed. Experiments that are not de-
sighed carcfully rarely yield meaningful information.

Experiments preceded by careful plunning-—-such as
the University of Pennsylvania-General Motors elec-
tric vehicle study for Philadelphin (sponsored by
the Depattiment of Housing and Urban Develop-
nient) —~would appear to be fruitful, Further, similar
cfforts should dutinitely be encouraged.

Furthermore, because metropolitan arcas are com-
plex and not all identical, it iv not immediately
obvious what current conditions may properly be
assumed as constraints for future development, The
more constraints imposcd on technological develop-
picid, the more difficult that development becomes.
Nemanding optimal performance in the current en-
vironment of pollution-ceittrol technolopy that will
operate some decades henee is unrealistic,

But, because of the long times required for cffee-
tive development. 1t does not seem feasible to post-
pone sclection of development policies until all
uncertainties arg resohved. The logicul, practical
course is onc of sequential decisionmaking: choos-
ing alternative paths to be pursuce in parallel, pre-
serving as much freedom of choice as possible until
specific decisions must be made. and bringing new
developments tc test as carly as possible at each stage
of the development program.

Additional Problems For Rescarch

The following thus appear to offer challenging und
important prablems for research:

a. Meteorology and micro-meterology. especially
as hiey relale to air pollution, and to moter vehicle
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air potlution in pardeular.

b. Chronic and cumulative offects of pollutants,
eapecially those effects that may not become notice-
able until they are so advanced that they are difficult
to beal,

v. Biolugical effeete of Irad from moter gasolines,
atid Biological effects of nitrogen oxides,

d. Implications of new propulsion systerus for city
desipn and system management,

¢, Probuble ieractions helween vehicles having
new propulsion systems and current cars, especially
with tepard to possible crashes and passenper safety.

[, Control systems for automated highways. to
improve driving efliciency and safety,

g Mcthods of monitoring experiments, programs,
and forecasts to collect information that can improve
future planning and projections.

h. New systems of urban transportation which
combine the best features of automotive transport
and muss transit,

Other important problems for rescarch are de-
scribed in contest throughout this report.

System Experimentation

It is frustrating to have to say in nearly every
scction "not enough is known.” To improve this situ-
ation, in the virtual absence of suitable theoretical
foundutions, one must conduct experiments. Experi-
mental projects, properly framed, can uncover a lot
of answers of the kind likely never to be gained
through context-free analysis. For some of the prob-
lems and uncertainties, only an cxperimental ap-
proach offers much hope of yiclding useful results.

in considering people’s preferences, with regard to
an inner-city circulation system using clectric vehicles,
for example. any number of plausible hypotheses can
be advanced. Current knowledge permits little pene-
tration. Thus, to overcome this impasse, one has to
try, to sce how a live system reacts, The joint Uni.
versity of Pennsylvania-Genceral Motors project men-
tioned above has plans to do just that: to formulate
wentative hypotheses and test them carefully in real
situations. Whether or not it succeceds, similar en-
deavors should be strongly encouraged.

We want to distinguish carefully between sys-
tematie experimentation and both case studies and
“experimental demonstrations.” Case studies have
tended to be puassive descriptions of the past or near
past, and have generally resembled experiments only
insofar as they have worked with “real” data and
people. Only rarcly have they attempted to perurb
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the systemn under study and ohserve its response; only
rarcly have they constructed experimental designs
that requircd becoming acthvely invalved in the proc-
esses being studicd.

Experimental demonstrations, on the other hand,
hiave tended to the other extreme. As usuully prace
ticed in transportation, they have involved the intro-
duction of & new system or partial system into an
unstudicd, unprepared. unplanned context. Many
things have been changed simuftancousty, and fow
have been micasured. Thus. it has rarely been possible
to disentangle the half-measured results to see what
might have ied to what, or what might have hap-
pened if . ... Tov often. the results huve been totally
vbscured by ostensibly minor failures or breakdowns
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that have led to apparent fallures of the overall
systent.

Experinments in the scienees und engincering have
a rather different oricntation, which we wish to sce
exploited. Even when, as in complex technulogical
systerhs, underlying provesses are not well under.
stoodd and conditions may not be reproducible, sys-
tematic  planning. carcful design, and  thoughtful
measurement often lead to useful results, The meth.
ods of experimental design, system identification, and
selective confounding of variables have cnabled con-
siderable practical understanding of complex systems
to be acquired. With suitable modifications, they
might be ncarly as useful for treating systems of
interest in combating vehicular pollution.

Appendix 1

Mode! 1: Relating The Total Rate Of Vehicular Enilssions
To Driviag Activity And Vehicle Characteristics

Pollution Per Vebicle

Different aspects of driving produce different
amounts of pollution. Let us list the various pol-
lutants of interest and designate the ' onc on the list
(-1, 2,3 . . .) by the subscript j. Let us also list
the various distinguishable aspects of driving, and
designate the A™ one on this list by the additional
subscript k. Now let us represent the emission charag-
teristics of a particular vchicle by the symbol A .,
the amount of poliutant j emitted per “unit” of driv-
ing aspect A, The unit might be miles for steady driv-
ing in a particular speed range, time for idling, or
numbers of times for acceleration and deceleration -
whatever is technically meaningful to reute pollution
1o the kind of driving done.

Let us represent the extent of driving (i.c.. the
number of units) in driving aspect A by D,. Since
for policy it may be useful tu identify the location
and time of the driving, let us expand the representa-
tion of driving to D,(R,T), the extent of driving in
aspect & done in region R during time period T,

Then the quantity of pollutant j emitted by a vchi-
cle in region R during time period T, Q{R.T), is
found by adding the amuunts produced in cach
aspect of the driving cyele:

QURT)=32A4,Di(RT). (E 1)
N

The Vebicle Population
For policy, it is uscful to distinguish among vehi-

cles of different ages und types. Vehicles produced in
different years have had different initial emission
characteristics, especially in the years since California
and Federal emission standards were instituled. We
expect, further, that initial emission characteristics
will continue to change as the research now in prog-
rFess (and the rescarch to come) bears fruit. In addi-
tion, it appears that emission characteristics change
as vehicles ape The rate of this change may depend
upon the hinu of cmission control used initially
(i.c., how susceptible it is to deterioration) and upon
the maintenance the vehicle receives as it is used.
The type of vehicle is important, of course, because
vehicles with different engines will have different
emission characteristics (types may be differentinted
in any way that is meaningful and uscful,)

Let us list all the relevant types of vehicles, and
denote the m™ one on the ist by the additional sub-
seript m. Let us denote the year of interest (e.g.,
1980) by v, und the age of a given vehicle (in years)
by . A vchicle ¢ years old in year y is said to have
been produced in ».(y." v a@). In the year of in-
terest, denote the number of vehicles a years old of
type mi by N.(y,a), If the fraction of vehicles of type
nt surviving 4 years is Su(a),* and the number of

*Values of S(a) for the tatal antomobile population are
viven tn the two right-hand columns of Tuble 48, bV alues joi
trucks (undifferentivied by 1vpe) can be derived from data in
Automuobile Facts dand Figures, More uselud, detgited valies
undosibtedly exist i automotive company files,




iype i originally produced {n 4. is Vo) ki
Nofray=N,(y)Sata). (E D

The diffcrent types of vehicles (.. small cars,
medium-displacement cars, large cars, small truchs,
large truchs, huses) have different emissior charac-
teristics and are used and driven in different ways.
The cmission characteristics further depend on the
year the vehicle veas manufactured and its age in the
year of interest, Age probably also influences the way
the vehicle is used. Let us represent these dependen-
cies by redesignating 4,0 as A, . (va), D.(R.T) as
D.. . (RTuw) and Q (RT) as (0, (R.T.var). Equa-
tion (E-1) then becomes

Om(R T, va) = ZA,..(_r,a)D‘..(R. Tia). (E-3)

Emission Characteristics

For cvaluating policies, it is useful further to re-
solve the factors ail:cting emission characteristics.
Each type of vehicle when originally produced has
vmission characteristics denoted by A 1. (1.0)—
i.c, A,m for a vehicle 0 years old in year y.. The
initial “effectiveness™ of pollution control for new
vehicles then can be represented in the form

Ean(r0)= D =dua e g )
Hhm
Here U, represents the amount of pollutant
emitted in driving aspect & by a vehicle of type i Lav-
ing n_ Mution control-i.c., U, . represents the
uncontrolled emissions. If pollution control were o
be incflective, that s, if A4, = Uu.. then E,.
would be 0. If poliution control were to be totally
effective, ic., if A,.. were to become zero, then
£,i. would be 1.

Let us now denote the change of effectiveness with
vehicle aging (anc maintenance) by

Eun(paiM)=Epn(3n0) fiuntaM).  (E5)
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Huiv faland) desiobes the manncr in which de-
gradation (or improvement) of pollution-control ef-
fectiveness varies with vehicle age and maintenance
policy (M). The emission characteristics in year v for
vebicles of age @ then are given by

Pl E o fvne
Ay 32 = Ayl 100) L'—l—fdéf‘s‘ﬁzg’)-?] . (E-6)

Tutal Emissions

The total cmission in region R during T from
vehicles of type m, Q,.(R.T.¥), then is given by
adding the contributions from type m vchicles of all
ages

QiR T =330, (RT ya) Nufy.a). (E-7)

Adding the contributions from vehicles of all types
gives the total quantity of pollutant j emitted in
region R during time period T in ycar v, which we
denote by Q,(R.T.y):

QR T »)=270,m(RT:)). (E-8)

Combining cquations (E-5), (E-6), (E-3), (E-2),
(E-7), and (E-8) then yiclds a relatively straight-
forward modcl that relates substantive, mecasurable
quantitics—and the policies affecting them—to the
rate of pollutant emission. This simple mode! can be
ramificd as necessary.

The above formulation assumes that all numbers
are cxactly known, In fact, many of the quantities are
uncertain—because they are inherently statistical or
subject to random fluctuations, or because they are
estimates derived froni projections and “best guesses,”
Thiese uncertain quantitics properly should be repre-
scnted by probabilities. Making the model probabil-
istic is straightforward (but lengthy), so that we will
not carry out the extension here.

Appendix 2

Model 1I: Relating Atmospheric Pollutant Concentrations To Emission
Rates, Urban Sprawl, And Atmospheric Properties

Assumptions: Stcady-State modcl, with

(1) Constant wind velocity (magnitude and direc-
tion). Wind patterns and speeds clearly do change.
and these changes are criticul in determining pollu-
tion severity. Yet, assuming const it wind velocity

permits simple analysis of the model and offers an
intuitive feeling for the general importance of the
wind.

12) Constant, isotropic atmospheric diffusivity. A
seripus assumption, but dispersion plays a minor role
in this model, in any case.
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{3} Comstaimn cmission ratc. A transicat model incor-
porating fluctuations in emission rate is casy to
develop by cxtending this one. Assuming emissions
constant over me simplifics analysis somewhat, yet
does not alter emissions’ basic mole.

{4) Pollutant j removed at a rate proportional to its
concentration, Dissolution (c.g., Henry's Law) and
chemical reaction (first-order or pseudo-first-order
reaction) may be approximatcly representicd by this
refation. The rate does not seem likely to be indep-
endent of concentration, and any other praportion-
ality complicates analysis,

(5) Perfect vertical mixing, so that the concentration
is uniform with altitude in the “participating” part
of the atmosphere, This assumption is clearly un-
realistic. Adding a vertical gradicnt would not alter
the model’s basic results, however, and would make
the results less cusily interp: ctable,

{6) Urbaa arca (rcgion of emission) embedded in an
cssentially infinite, sourcc-free cnvironment. If the
urban arca of interest is not surrounded by clean air,
we need only redefine the area to include upwind
souices, and then look at the part of the region that
interests us.

Governing Equation: Diffusion cquaiion with emis-
sion source

(@) x-axis defined to be the direction of the wind

(v) —D(-g—;\% + %yi) +vde
+ke=S(X,y) for pollutant j
Dispersion +Convection + removal =c¢mission source
(¢) Boundary conditions:
c—0as X+ o, y—rt o

This zquation can be solved casily, but its solution
can be difficult to interpret simply. Further assume,
then, that emissions are uniform in the direction
¢ - ndicular to the wind, i.c., that §(X,y) is uniform
m ,. Then the equation becomes

dic de .,
(d) —DH-»'+V¢/X+M_S(X)’

c—0as X—+
Solution

The solution to cquation (d) is

c(X)= /‘ G(X,u)S(w)du,

where
G(x,u) = 1
R
lexp (Li{x —u)) H(u—x)+exp (La(x—~ w)) H(x—1)].
1 when x2u
H(x--u)=
{0 when x<u

R=(V2+4kD)}
1 1
Li=35(V4+R)  Li=35(V=R)

S(u) represents the paltern of cmissions,

The solution is simplest if emissions arc taken
to be uniform within the urban area (at level S) and
zcero outside. To cxamine the solution closely, we
must Fave an idea how large the key dimensionless
groups are Thesc are

kd and kD
4 ye:

Matching this simple solution against observed
concentrations, emission rates, etc., we find relatively
good agreement for k ~1/day, which scems phys-
ically rcasonable, too; for an urban area 5 miles
across with a wind of 10 mph, then

kd 1
v~ ~0.02

For a diffusivity of 10 ft*/sec (probably much too
large),

kD
"o 51077,

Then, to a very good degree of approximation,
for the urban area (0<X<d),

C(: g%{ [l—exp(_’%’z)]

pure convective
solution

+ (’{f—i’) [1—“9(' B ‘z)):“’

First-order Term
for Dispersion

where - = x/d is a dimensionless distance. Integra-
ting with respect to z gives the spatial-average con-
centration

caf[i-(2)(-enl-40) 4




{1 he exponential expression in the dispersion term iy
negligible.)

Taking partial derivatives then yiclds the sen-
sitivity of the average concentration to cach of the
variables,

Shifting Demand To Mass Transportation

Although patronage of transit systems has declined
in recent decades, public policies may be capable of
checking (and in some cases of reversing) this trend;
however, it does not appear that these changes can
be accomplished at low cost. Where transit may
be successful in attracting riders in large numbers,
reductions in air pollution may be measurable,

Trends In Use Of Transit

The automcbile has assumed a central position in
urban transportation. Offering convenicnce, flexi-
bility and privacy, it has not only attracted most of
the new traveliers, but also made strong inroads into
transit's traditional markets. Despite  phenomenal
urban population growth in the 1950°s and 60%.
patronage of transit declined from 12.9 billion rev-
enuc passengers in 1951 to 7.2 billion ten years
later. Many companics went out of business. Average
annual profits nationally shrank from 4.6 per cent
to 1.4 per cent of revenue.

The compctition of the automobile was felt partic-
ularly hard during the “off-pcak” hours, those times
of the day other than the two hours in the morning
and another two in the afternoon when most com-
muters go to and from work. As relatively high
| levels of commuter service were utilized for only
! about 20 hours a week, with much of the equipment
! and labor lying idle the rest of the time as off-peak
patronage declined, transit found its profits decreas-
ing or experienced deficits. To meet these situations,
compaunics turned to Jarge fare increases. On the
Consumer Price Index, transit fares doubled between
1950 and 1963, compared to a risc of only 25 per
cent in general or automobile cost levels. These fare
increas * accelerated the displacement of transit by
the autuinobile, though probably not to a significant
degree.

The increasingly dispersed urban living and occu-
pational locations which the automobile helped bring
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It is interesting to note that for small valucs of
(kd/V),
LS4, 1kd,
Cis)= V”(] 3 V‘+"")'
which makes the sensitivities clear.

Ap: ndix 3

about also hurt transit, particularly in terms of pro-
viding service to ncew urban dwellers and new
business areas. Traditional transit modes such as
commuter railroads, streetcars and subways de-
pended upon high population concentrations and
riders who wanted to travel from a few origins to a
f. w destinations at the samc time. Even buses, which
are more flexible, had difficulty in realigning their
operations to provide attractive and ¢conomical serv-
icc to passengers who wanted to depart from and
arrive at many diffcrent locations.

The Potential For Improving Transit's
Attractiveness

Scveral schools of thought have arisen about the
function and future nced for transit in urban areas.
What scems clear from these, in spite of their differ-
ences, is that

—Transit will continuc to exist in most urban
arcas because it fulfills certain vital functions which
cannot be performed as satisfactorily by the auto-
mobilc or other existing modes, and

—Transit can be madc more attractive to potential
riders by infusions of new public policies, operating
techniques and technology that will lead to markedly
improved door-to-door service.

In recognition of these main points of -consensus,
many citics and states in recent years have created
public bodics to own, operate or stimulate improve-
ment of transit systems. In addition, the Federal
Government initiated an Urban Mass Transportation
program in 1961, assigncd to the Department of
Housing and Urban Development, which has grown
to encompass a spectrum of research, demonstration,
planning and capital assistance, and manpower train-
ing activitics.

Assisted by Federal financial aid, a number of
urban arcas have invested in new cquipment, im-
proved stutions and stops, constructed park-and-ride
fucilities, and have experimented with new techni-
ques for providing service and managing transit

|
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operations. Such actions have sometimes reversed
or at least halted downwurd patronage trends.

Mass transit by its very nature wus unable to offer
the schedul:- ‘m2 and route fiexibility of the auto-
mobile. Nor couild it provide certain psychological
satisfuctions such as privacy and the feeling of per-
sonal control over one’s envisonment which the auto
offers. What it has becn able to provide in some in-
stances is time and cost savings, the latter usually
in termy of traveler out-of-pe-ket expenses.

Total time savings appear io bt particularly im-
portant in inducing people 1. use one or another
maode of transport. When transit is convenient, fre-
quent and rapid. it may provide substantial door-to-
door time savings aver the automobile, cspecially to
riders with destinations where parking is inconvenient
or scarce, or there is a high density of activity,

Possible Future Directions In Transit

The Federal Government is currently committed
to improvement of urbun transit. Morcover, in a
1966 amendment of the Urban Mass Transportation
Act, the Congress dirccted the Department of Hous-
ing and Urban Development to submit a long-range
program proposal to the Presi-ient and the Congress
not later than March, 1968, which will bring into
being “new systems” of urban transportation. HUD
is engaged now in a numbcr of urban transportation
studies, on which approximately $3.5 million is being
expended.

Within the newly created Department of Trans-
portation, the Federal Highway Administeation
(which encompasses the Burcau of Public Roads)
and the Federal Railroad Administration are both
carrying forward research activity which may con-
tribute to improvement. of urban transit,

It seems safe to assume that higher priority will
be given to improvement of traffic flow for transit
vehicles on urban streets and freeways, and that this
will result in higher performance local and express
buses offering considerably improved service, Where
transit systems in recert years have begun to operate
express-type services, there has usually been a favor-
able public response.

In the past, most highway designers and traffic
engineers have tended to assign all vehicles equal
weight and to maximize total vehicle movement.
This ¢mphasis tends to encourage automobil - use
and ignores the question of whcther different kinds
of vehicles confer different benefits at different times
of the day, An alternative traffic control approach
might be adopted which would change the mix of

vehicles in the traflic stream during peak commuting
hours. The proportion of buses would be increased
in the traffic stream and both auto and bus average
speeds could rise substantially. Although this might
lead to small delays for automobiles waiting to cnter
the faster moving facility, there is also the possibility
that, with the performance of buses enhanced, a large
number of current auto users would switch to transit
and frec the road for others who continued to use
cars. Studics which explore this possibility would bte
desirable.

High priority in the necar term should also be
given to steps which provide tighter linkages between
the automobile and transit, so that the advantages
of cach mode can be put to best use. Provision of
ample parking space has been one of the contributing
factors in attracting former auto commuters to transit
for part of their trip. It has allowed them to use their
cars for movement in the dispersed suburbar. resi-
dential area, but has encouraged use of tiansit to
traversc more congested or densely populated areas.
(Such parking space is not costless, and represents
a subsidy that must be weighed against the benefits
it yields.)

Although park-and-ride facilities have become
morc common, they are still reiatively few and far
between. Almost none ¢xist to provide links between
auto and express bus scrvices. Public policies can
alter this situation.

Business district fringe parking, tied in with
convenicnt shuttle transit which connects the parking
lots to the business area and also provides quick and
attractive circulation with the area, is a similar meas-
ure which could be brought into being in many urban
areas.

These and similar changes in traffic management
deserve serious study, since they apparently offer
other potcntial benefits to urban transponation. From
the standpoint of pollution control, their effect should
be to reduce the net amount of pollutant per traveller
per mile or minute of travel, without increasing the
price to him of using the transportation system, In-
deed, a shift to transit should lower the individual's
total out-of-pocket transportation cost for a given
unit of travel,

On the horizon are possible technological changes
in urban transit. Of particular interest are those con-
cepts which modify the automobile to give it charac-
teristics =f a transit vehicle.

‘The Urbmobile concept envisions a small, limited
¢. ~rmance car-type vehicle which can operate both
on regular city streets and on special high-speed,




automatic “guideways,” On the strect it is under the
drivei's conitrol and has a fairly low top specd. When
it enters the guideway, a central source of control
and power takes over, so that high speeds and close
spacing can be attained, Such vehicles might be pri-
vately owned, but might also be mercly paid for dur-
ing use, in which case the local operator of the
puideway system would own them,

Since the concept does not require high perform-
ance capability off the guideway, an urbmobiie would
nat need high power or estergy capacity. Assuming
the overall system concept has merit, it should be
possible to devclop adequate power sources for such
low-emission vehicles within a refatively short time.

An alternative concept involves a piggy-back ap-
preach. Automobiles, small buses, and even pas.
senger pods would ride on pallets which move at
high speed under computer control on a specially
designed guideway. During the ride it would not he
necessary for the vehicle's engine to operate.

Conclusions

The feasibility of attracting a higher proportion
of travellers to transit needs to be demonstrated and
analyzed more carefully. There may be some (though
apparently not major) advantages to pollution con-
tro} in encouraging such diversion, aside from other
advantages which increased transit usc may have for
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urban areas.

Transit itself contributes dittle quantitatively to air
pollution, although what it does coniribute is often
conspicuous. Most rail transit is clectric. Diescl pow-
ered buses emit certain undesirable pollutants, but on
a per passenger-mile basis thesc are only a fraction of
automobile pollution, as annoying as they often arc to
those near buses ia traflc. Meise and odor have not
been overcome, but devclopment and adoption of
less- or non-polluting power sources for buses may be
easier than the corresponding task for automaobiles.

The Federal and many local governments have
already begun to undertake transit improvement pro-
grams. Acceleration of these to obtain quicker re-
sults appears to be desirable.

Achicvement of traffic improvement measures,
which provide incentives for increased transit use
and closer auto-transit linkages where they are appro-
priate, dcpends less upon increased Federal funding
than upon policy refinements. What is needed from
the Federal government, in joint action by the De-
partment of Housing and Urban Development and
the Department of Transportation is a clear policy
expression of the importance of traffic and highway
design measures, aud a shift in research and demon-
stration prioritics, to obtain knowledge more rapidly
about the appropriate use, costs and benefits of these
measures.
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